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(54) Composition of polypropylene with propylene-butene elastomer 



(57) Disctosed is a potypropytenB compositwn com- 
prising (A) polypropylene and (B) a specific propylene- 
l-butene random copolymer in a specific amount ratio. 
The prcpytene-l-butene random copolymer (B) is char- 
acterized in that: (1 ) the copolynr«r contains 50 lo 95 % 
by mol ot constituerrt units from propylene and 50 to 5 
% by mol of constituent units from l-butene, (2) the in- 
trinsic viscosity, as measured in decahydronaphthalene 
at 135 *C. is in the range of 0.1 lo 12 dl/g. (3) the mo- 
lecular weight distributkvi (Mw/f^). as determined 
measured by GPC. is not more than 3. and (4) the pa- 
rameier B value indii^tihg random^ 



erized monomer sequence disirft)ui)on is in the range of 
1.0 to 1.5. Also disclosed is a polypropylene composite 
film comprising (I) a crystalline potypropyiene tayer and 
(11) a layer formed from the polypropylene composition, 
which is laminated on at least one surface ot the crys- 
talline polypropylene tayer (I). The polypropylene com- 
position is excellent in heat resistance and bw-temper- 
alure heal-seaKng properties as well as in llextoility and 
impact resistance. The polypropylene composite film is 
excellent in not onty heat -sealing properties, particutarfy 
•^^'^^/PP^^Vy/^ ^^ai^sealing properties, but also transr.. 
parency. scratch resistance and blocking resistance. 
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The polypropylene films described above are desired to have further propenies such that the films are applicable 
to high-speed packaging. Thus, the Hlms are desired to have, tor example, not only improved bw-temperature heai- 
seating properties and hoi tack properties but also improved slip properties and blocking resistance. 

Under such circumstances as mentioned above, the present inventors have studied polypropylene compositions 
5 comprising polypropylene and a rubber component, and have found that use of polypropylene and a specific propylene- 
1-butene random copolymer makes it possible to prepare a polypropylene composition excellent in heat resistance 
and low-temperature heat-sealing properties as wen as in flextoitity and impact resistance. The present inventors have 
also found that a polypropylene fihm having a heat-sealing layer made of the above-mentioned polypropylene compo- 
sition has desired properties tor applying to the high-speed packaging, such as not only excenent bw-temperature 
10 heat-sealing properties and hot tack properties but also excellent slip properties and blocking resistance. Moreovei; 
the present inventors have found that the specific propylene-l-butene rartdom copolymer can be prepared using a 
specific metalkxene compound catalyst component. Based on these findings, the present invention has been accom- 
plished. 

15 OBJECT OF THE INVENTriON 

It is an object of the present invention to provide a polypropylene composition which is excellent n heat resistance 
and tow-temperature heat-sealing properties as well as in flexibility and impact resistance. 

It is another object of the invention to provide a polypropylene composite film Which includes a layer formed from 
the polypropylene composition and is excellent in not only transparency, low-temperature heahsealing properties and 
hot tack properties but also blocking resistance and mechanical properties as scratch resistance. 

SUMMARY OF THE INVEIiTIGN 

25 According to the present invention, there is provided a polypropylene composition comprising; 

(A) polypropylene in an amount of 5 to 95 % by weight, and 

(B) a propylene-1 -bulene random copolymer in an amount of 95 to 5 % by weight; 
said propylene- 1-butene random copolymer (8) having the following properties: 

30 (1 ) the copolymer contains SO to 95 % by mol of constituent units from propylene and 50 to 5 % by mol ol constituerti 

units from 1 -butane; 

(2) the intrinsic viscosity, as measured in decahydronaphthalene at 135 *C. is in the range of 0.1 to 12 d^g; 

(3) the molecular weight distribution (Mw/Mn). as determined by gel permeation chromatography (GPC). is not 
more than 3; and 

3S (4) the parameter B value indicating randomness of the copolymerized monomer sequence distributton is in the 
range of 1.0 to 1.5. preferably 1.0 to 1.3. 

As the polypropylene (A), preferably used is a random copolymer ol propylene and an olefin other than propylene. 
' which contains not more than 10 %.by mol oi units from the olefin. 

40 4 n addition to the properties (1 ) to (4). the propylene-1 -butene rarKtom copolymer (6) preferably further has the 
following properties (5) and (6): 

(S) the melting p oint Tm . asmeasured by a_dJflorential scanning calorimeter, is in the range ol 60 to 140 and 

the melting point Tm and the 1-butene cbnFtiuier>f unit conienil M (% by mol) satisfy the lolldwing relation: — 

45 

-2.6M * 130 S Tm i -2.3M ^ 155; and 

(6) the crystallinHy C. as measured by X-ray diftractometry. and the 1 *butene constituent unit content M (% by mot) 
satisfy the following relatkm: 

^ C^-1,5M*75. 

The propylene- 1 -butene random copolymer (B) used in the invention can be prepared using an olefin polymeriza- 
tion catalyst comprising: 

55 (a) a transitton metal compound represented by the following fomiula (1): 
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(1) 



wheiem M is a Iransilion metal of Groifp IVb. or Via of the periodc table. 



and are each a riydnogen atom, a halogen aiom. a hydrocarlxjn group ol 1 to 20 cart)on atoms, a 
halogenaied hydrocartxjn group of 1 to 20 cartxjo aioms, a sHioon-conianing group, an oxygen-containing 
group, a sunur-dontaining group, a nUrogen-coniaming group or a phosphorus-contahing group. 
R3 is a hydrocartxm group oil to 20 cartxn atoms which may be sut)sliluied wHh a halogen atom or a eiBcon- 
containing group, 

is a hydrogen atom or an aikyi group oil to 20 carton atoms. 

and are each a hydrogen atom, a halogen atom, a hyOocarbon group ol 1 to 20 caifoon atoms, a 
halogenated hydrocartx>n group ell to 20 cart>on atoms, an oxygen<ontaining group or a suBur<aitainhg 
group, and 

Y is a divalent hydrocartxm group of 1 to 20 cart)on atoms, a divalenl halogenated hydrocartxsn group of 1 to 
20 carbon atoms, a divalent silicon<onlaining group, a dValent germanium<ontalning group, a divalent tin- 
containing group. O-. -CO-. -S% -SO-, -SOg-. -NR?-. -PJRS)., .P(0) (R^)-. -BRS- or -AIRS- (R5 is a hydrogen 
atom, a halogen atom, a hydrocarbon group ol 1 to 20 carbon atoms or a halogenaied hydrocarbon group of 
1 to 20 cartxyt atoms): 



(b) 



35 



(b-l) an organoalumnum oxy<ompound. arxVor 

|b-2) a compound capable of reacting with the transition metal compound (a) to lomi an ion pair, 
and. optionafly. 



(c) an organoaluminum compound. 



50 



55 



In (he present invention, i is preferred to use a transiion metal compound (a) ol the above formula whereh R» is 
methyl, and also a hydrocarbon group of 2 to 6 carbon atoms. 

The present invention further provides a potypropylene composite Rim corrv)rising: 

(I) a crystalline polypropylene layer, and 

(II) a tayei formed Irdrn thel)dlyprwle''i» cbriip^ the present iTverifiorTWhichB larnSiaie^on aTi^^ one 
surface of the crystalline polypropylene layer (I). 

In the present invention. Ihe polypropylene composition layer (II) is preferably formed from a polypropylene com- 
position comprising: 

Ihe pofypropylene (A) n en amount of 5 to 50 % by wei^t. and 

the propylene- 1 -buiene random copolymer (B) in an amount of 95 to SO % by weight; or 

the pofyrpropylene (A) in an amount of not less than SO % by weight and less than go % by weight and 

the propylene-1-bulene random copolymer (B) in an amount of not less than 10 % by weight and lass than 50 % 

by weight 



The polypropylene (A) is preferably a crystalline polypropylene containing units from propylene n an amount ol 
not less than 90 % by mol. 
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The inuinsic viscosity (2) ol the propylene-! -buiene random copolymer (B) is prelerably in the range ot 0. 1 to 5 dl^g. 
The crystalGne polypropylene layer |t] may be either unslretched or biaxiaDy stretched. 

DETAILED DESCRIPTION OF THg irWENTlON 

5 

The polypropylene composition of the hvemton will be described in detail hereinafter. 

The polypropylene composition of the invention conr^irises the foflowhg polypropytene and the spectlic propylene- 
1-butene random copolymer as described bebw. 

10 (A> Polvpropyiene 

In the present invention, any convenlionaBy Known polypropylene may be used as the poJypropylene (A). The 
polypropylene may be either a homopolypropytene or a propylene random copolymer containing propylene units and 
small amounts (e.g., not more than 10 % by mol. preferably less than 5 % by mol) of units from an olefin other than 
15 propylene. Of these, the propylene rarvjom copolymer is preferably used. 

When the polypropylene composition ol the invention is intended to be used tor a composite film, which will be 
described later, the polypropylene (A) is preleraWy a crystalline polypropylene containing units from propylene in 
amounts of not less than 90 % by mol. 

Examplesol the other olefins for the propylene landom copolymer include o-olefins of 2 to 20 carbon atoms except 
20 propylene, such as ethylene, l-butene, 1i>entene. i-hexene. 1-heptene, i-ociene. l-decene. l-dodecene, l-hexa- 
decene and 4-methyl-1 -pentene. 

In the present invention, il is preferred to employ as the poiyproylene (A) a polypropylene prepared by a conven- 
tional process using a known sold titanium catalyst comppnent. Also employable is a polypropylene prepared ushg 
a metallocene compound catalyst component. 
^« The polypropylene used in the invention has a n>elting point (Tm) oIlOO to 165 •C, preferably 120 to 165 *C, Ol 

the polypropylenes having such melling poims. desirably used is a polypropylene having a melting pont higher than 
that of the later-described propylene* 1-butene random copolymer. 

The polypropylene has a melt flow rate MFf\ (ASTM D-1238. 230 •C, load ol 2.16 kg)of pofypropylene in the range 
of usually 0. 1 to 400 gnO min. preferably 1 to 100 gflO min. and a molecular weight distribution (Mw/Mn) ol more than 
30 3. preferably 4 to 1 5. 

The polypropylene (A) is generally more rigid than the betow-described propylene-! -butene random copolymer (B). 
(B) Pfopvlene-1-butene random coootvmer 

35 The polypropylene composition of the invention comprises the specific propylene-1 -butene random copolymer (B) 

as descrbed below. This propylene-1 -butene landom copolymer is preferably an elastomeric state. 

• (l)Thepropylene-l-toutenefandomcopolymer used in the invention isarandomcopolymer of propyte^^ 1-butene. 
and contains: 

40 

constituent units from propylene in amounts of 50 to 95 % by mol. preferably 60 to 93 % by mol. more preferably 
70 to 90% by mol. and 

> constitue nt units fro m 1-bute ne in amounts of 50 to 5 % by mol. preferably 40 to 7 % by mol, more preferably 30 

tol0%bymoL ~ — 

45 

This propylene-1 -butene random copolymer may further contain constituent unhs from olefins other than propylene 
and 1-butene, e.g.. ethylene, in a smaO amount, e.g.. not more than 10 % by.mol. 

(2) Intrinsic viscosity (i)) 

50 

The intrinsic viscosity i^) of the propylene-1 -butene random copolymer used in the invention, as measured n 
decahydronaphthalene at 1 35 *C. is in the range of 0. 1 to 1 2 dl/g. preferably 0,5 to 1 2 dt/g. more preferably 1 to 1 2 dl/g. 

(3) Molecular weight distribution 

55 

The molecular weight distribution (Mw/Mn) of fhe propylene-1 -butene random copolymer used in the invention, as 
determined by gel permeation chromatography (GPC). is not more than 3. preferably 1.8 to 3.0. mote preferably 1.9 
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(4) Randomness 

The parameter B value o( the propy)ene-1-butene random copotymer used in (he invention, which indicates rarv 
domness o( the copolymeriied monomer sequence dislrbiMion. is h the range of 1 .0 to 1 .5. preterat>V 1 .0 to 1 .a more 
5 prelerabV1.0to1.2. 

The parameter B value was proposed t>y BD. Cole-man and T.G. Fox in J. PolymL Sci., M. 3188 (1963). and this 
parameter can be dtiiame6 tram the following formula: 

B = P,2/(2P,-Pj) 

to wherein P, is a first monomer content fraction. is a second monomer content fraction, and P« is a proportion ol 
the first monomer-second monomer sequences to the total diad sequences. 

In the case ol B = 1 . BemouUi's statistics apply to the copolymer, in the case ol B < l . the copolymer tends to be 
block; n the case of B > 1 . the copolyrner tends to be alternating; and in the case ol B = Z the c 
copolymer. 

15 It is preferred that the prcpy1ene-i-bulene random copolymer (B) used in the nvention has. in addition thereto, 
the above properties (1) to (4) and the following properties (5) and (6). 

(5) Melting point Tm 

so The melting point Tm of the propylene-1-butene random copolymer (B) used h the invention, as measured by a 
differential scanning calorimeler. is in the range ol 60 to 140 *C. preferably 80 to 130 *C. 

tt is desired that in the propylene-1 -butene random copolymer (B). the mebing point Tm and the Vbuierte constit- 
uent unit content M (% by mol) satisfy the following relation: 

_ .2.6M 4 IX ^ Tm ^ -2.3M * 1S5 

<6) It is also desired that in the propylene-1 *l>utene random copolymer (B). the crystallinity C measured tiy X-ray 
dittractvnetry and the 1 -butene constituent unit content M (% by mol) satisly the following relation: 

C^-1-5M475 

The propylene-1-bulene random copolymer (B) used in the invention may further have the following property (7). 

(7) Stereoregularity ol the propylene-1 -butene random copolymer (triad tacticity, mm fraction) 

The stereoregularity of the propylene-i -butene random copolymer used in the invention can be evaluated by triad 
tacticity (nvn fraction). 

When head-to-taB enchaned three propylene unit sequences in Ihe polymer cliains are expressed by a surface 
2igzag structure, the mm fraction is defined as a proportion of the propylene unit sequences having the same branch 
directions of the methyt groups and can be determined in the foQowing manner using a '^C NMR spectrum. 

For determining the mm fraction ol the propylene-1 -butene random copolymer from the ^^C-NMR specUum. the 
mm fractions ol 

(I) head-t&4ail enchained propylene unit triad sequences and 
~ - (If) propylene unii-butene uriil triad sequences consisting of propylene.unfes of hea(trtP:taU.enchatfiedj>^^^ 
units and butene units and oontaintng propylene units as the second units 

are measured as the mm fraction ol Ihe propylene unit-containing triad sequences present in Ihe polymer chains. 

The tm\ fractions can be determined from the peak intensities of the side chain methyl groups ol the second units 
(propylene units) in the tried sequences (i) and (ii), as described below in detail. 

The spectrum of the propylena-1 -butene random copolymer is measured lor a sample of the random 

copolymer which is completely dissolved in hexachbrobutadiene contairung a smaD amount of deuteraied benzene as 
a lock sdvenl by a proton complete decoupling method at 120 *C under the measuring conditions ol a flip engle ol 45* 
and a pulse interval of not shorter than 3.4 T, (T,: tongest time among the spin-tattice relaxation time ol methyl groups). 
Shce T| ol a methylene group and T, ol a methine group are shorter than that ot a methyl group, the magnetization 
recovery of all the carbon atoms in the sample is not less than 99 % under the above conditions. As lor the chemical 
shift, the methyl carbon peak of the third unit in the head-lo-tail enchained propylene unit pentad sequence (mmmm) 
is set to 21 .593 ppm on Ihe basis of letramethylsilane. and other carbon peaks are detemvned based on this peak. 
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In the ^^-NMR spoclium of Ihe propylene- 1-bulene random copolymer thus measured, the mothyl carbon region 
wherein Ihe side chain methyl groups ol the propylene unils are observed (about 19.5 to 21.9 ppm) is classified vito: 



a first peak region {about 21.0 to 21,9 ppm). 
5 a second peak region (about 20.2 to 21.0 ppm). and 
a third peak region (about 19.5 to 20.2 ppm). 



to 



15 



20 



2S 



in each of the above regons, peaks of the side chain methyl groups of the second units (propylene units) h the 
head-to-tail enchairted Uiad sequences (i) and (ii) are obsenred as shown in 1able 1. 

Table l 



Shitt value 


Methyl carbon region (19.5 21.9 ppm) 




First region 21.0 — 21.9 
ppm 


Second region 20.2 
21.0 ppm 


Third region 19.5 - 20.2 
ppm 


Hand-lo-tail erxhainment 
Sequertce (i) 


PPP (mm) 


PPP (nu) 


PPP (rr ) 


Sequence (ii) 


PPB (mm) 
BPB (mm) 


PPB (mr) 
BPB (mr) 
PPB (rr) 
BPB (rr) 





In the atiove (able. P indicates a constituent unit from propylene, and B indicates a conslitueni unit from 1 -bulerw. 

With regard to the triad sequerxres (i) consisting of only propylene units, i.e.. PPP (mm). PPP (mr) and PPP (rr). 
anr>ong the head^o-tail enchained triad sequences (i) and (ii) shown in Table 1. the directions of the methyl groups are 
illustrated below by the surface 2igzag structures. These PPP sequences apply corresporKlingly to the mm, mr and rr 
triad sequences (PPB. BPB) (ii) which contah buiene unit. 



PPP (nun) 



CH3 CH3 CH3 

I I i 

- (CH-CH2) - (CH-CHj) - (CH-CH2) • 



3S 



CH3 CH3 
I I 

PPP(mr) : - (CH-CH2) • (CH-CH2) - (CH-CHz) ■ 

I 

CH3 



CH3 CH3 

^ PPP (rr) : - (CH-CH2) • (CH-cSj) MCH-C^H2) - ' 

I 

CH3 

In Ihe first region, the methyl groups of the second units (propylene units) in the mm triad sequences PPP. PPB 
and BPB resonate. 

^ In Ihe second region, the methyl groups of the second units (propylene units) in the mr triad sequences PPP. PPB 
and BPB and the methyl groups of the second units (propylene units) in the n triad sequences PPB and BPB resonate. 
In the third region, (he methyl groups of Ihe second unils (propylene unils) in the rr iriad sequences PPP resonate. 
Accordingly, when (i) the head-lo>tail enchained propylene unit triad sequences and (ii) the propylene unil-butene 
unit triad sequences consi5tir>g ol head-to-tail enchained propylene units and butene units and containing propylene 
^ units as the second units are measured on the side chain methyl groups of Ihe propylene units of Ihe second units in 
the triad sequences using the ^^C-NMA spectrum (hexachlorobutadiene solution, tetramethylsilane standard), the iriad 
taclicity (mm fraction) of the propylene- 1 -butene random copolynwr can be determined as a proponion (percentage) 
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(i) and (ii) are observed, and in the determination of the mm fraction using the above equation, correction is made in 
the following manner. 

The peak area based on ihe PPE*methyl group can be determined from the peak area ol the PPE-methine group 
(resor>ance at 30.6 ppm or thereabout), and the peak area based on the EPE -methyl group can be deiemiined from 
5 the peak area of the EPE rnethine group (resonance at 32.9 ppm or theieabout). 

The peak area based on the methyl group C can be determined from the peak area of the accent methine group 
(resonance at 31 .3 ppm or thereabout). 

The peak area based on the methyl group 0 can be determined from 1/2 of the total peak area of the peaks based 
on the qP methylene carbon in the above structure (fv) (resonance at 34.3 ppm or thereabout and resonance at 34.5 
10 ppm or thereabout), and the peak area based on the methyl group 0* can be determined from the area of the peak 
based on the adjacent methine group (resonance at 33.3 ppm or thereabout) ol the methyl group E in the above 
structure (v). 

The peak area based on the methyl group E can be detemtined from the peak area ol the adjacent methine carbon 
(resonance ai 33.7 ppm or thereabout), and the peak area ol Ihe methyl group E* can be determined Irom the peak 
IS area ol the adjacent methine carbon (resonance at 33.3 ppm or thereabout). 

Accordngly. the peakarea olihe methyl groups based on the heacHo-lail enchained propylene unit triad sequences 
(i) and (u) can be determined by subtracting the peak area of the above methyl groups from the total peak area of the 
peaks in the second arvl third regnns. 

Thus, the peak area ol the methyl groups based on the head-to>tail enchained propylene unit triad sequertces (!) 
20 and (ii) can be evaluated, aruf consequently the mm traction can be calculated in accordance with the above equation. 
The carbon peaks in the spectrum can be assigned with reference to a literature "Polymer*. 30. 1350 (1989). 



(B) Hetero bond unit 



25 The propylerte-l -butene random copolymor (B) used in the invention sometirrtes has email amounts of structures 
whch contain hetero bond units (regio-irregular units) based on 2.lHnsertions or I.S-insertions of propylene present 
in the propylene sequences. 

In the polymerization, propylene is generally 1 ,2-inserted (methylene side is bonded to catalyst) to lomi the afore- 
said head-to>tatl enchained propylene sequence, but in rare cases propylene is 2.1 -inserted or 1 .3-insened. The 2,1 -in- 
30 serted propylenes or the l.3-h5ened propylenes form regio-irregular units represented by the aforementioned struc* 
tures (iii). (iv) and (v) in the polymer. The proportions of the 2.1 -insertions and the 1.3-insertions of propylene in the 
polymer constituent units can be determined from the loUowing equation using a spectrum with reference to 

'Polymer*. 30. 1350 (1989). similarty to the aforesaid triad tacticity 

The proponion of the regio-irregular un'ds based on the 2.1 -insertions ol propylene can be determined from the 
^ following equation. 

Proportion of (0 .5XaP< Structure (v) ) 

regio-irregular 0.25X00 (Structure (iv) ) ) 

unite baaed on - — — - — ' x 100 

^ 2,l*in9ertion9 lao + laP (Structure (iiil , (v) ) 

4 0.5(3074 200 (Structure (ivn 4 3aS) 

- When it is difficult to directly determine the area-oMo^ or the like- Irom the spectrum because of. lor-example. 
overlapping ol the peaks, correction can be made using the cartxxi peaks having corTespor>ding areas. 
45 In the propylene- 1 *buiene random copolymer (B) used in the invention, the hetero bond units based on the 2.1 -in- 

senions ot propylene present in the propylene sequences may be contained in an amount ol not less than 0.01 %. 
specifically 0.01 to 0.3 %. based on all the propylene units. 

The regio>ir regular uniis based on the 1,3- insert ions of propylene may toe contained in the propylene-1 -butene 
random copolymer (B) in an anxxint of not mote than O.OS %. and this proportion ol the regio-irregular units based on 
^ the 1 .3-insenions of propylene can be determined from the Py (resonance at 27.4 ppm or thereabout). 

Such a propylene-1 -butene random copolymer as mentioned above, which is used in the invention, contains a 
tacky ingredient in a smaller emount than the rubbers conventionally known. 

The propylene-l -butene random copolymer (B) used in the invention can be prepared by copolynnertzing propylene 
and 1 -butene in the presence ol an olefin polymerization catalyst comprising: 

55 

(a) a transition metal compound described later; 
(b) 
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(b-1) an organoalumhum ory •compound, and/oi 

(b-2) a compound capable ol i eacting with the transition metal compound (a) to torm an ion pair. 

and. opticnaly. 
s it) an organoaluminum compound. 

Next, the oleTffi pdymerization catalyst used lor preparing the propylene>1-butene random copolymer <6) in the 
invention is described in detail 

The transition metal compound (a) (hereinafter sometrnes relerred to as 'component (af) lor forming the olefin 
'0 polymerization catalyst used lor the invention is represented by the following formula (1 ): 



\ / 

M 




wherein M is a transition metal of Group l\^. Group Ma or Group Via ol the periodic table. Examples thereof irclude 
titanium, zirconium, hafnium, vanadium, niobium, tantalum. chromiunK molybdenum and tungslea Q these, preferred 
are titanium, zirconium and hafnium. Particularly preferred is zirconiivn. 

» Substhuents and 

and R^ are each independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenaied hydrocarbon group of 1 to 20 carbon atoms, a sibcon<ontaining group, an oxygen-containing 
group, a 5uitur<ontarning group, a nitrogen-containing group or a phosphorus-containing group. 
^ Examples of the halogens include fluorine, chbrine. bromine and iodine. 

Examples of the hydrocartxn groups of 1 to 20 carbon atoms include alkyi groups, such as methyl, ethyl, propyl, 
butyt. hexyl cydohexyl. octyl. nonyl. dodecyl, etcosyl, norbornyl and adamantyl; alkenyl groups^ such as vinyl, propenyt 
and cyclohexenyl; arylalkyi groups, such as benzyl, phenylethyl and phenylpropyl; and aryl groups, such as phenyl, 
tolyl. dimethylphenyl. trimethylphenyl. ethylphenyl. propylphenyt. biphenyl. naphthyl. methylnaphthyl. anthracenyland 
^ phenanthryl. 

Examples of the halogenated hydrocarbon groups include those obtained by substituting the abovemntioned 
hydrocarbon groups with halogen atoms. 

Examples of the silicon-containtng groups include monohydrocafbon-substituted silyls. such as methylsilyl and 
phenylsilyl; dihydrocarbon-substituled silyls. such as dimethylsityl and diphenylsityl; trihydrocart)on-substhuted silyls. 
- ~ 4$ " euchastrrmethytsilyl.triethylsJtyl,tripropylsilyi:iricyclohe)7^ 

iritolylsilyland uinaphlhylsilyt; silyl ethers of hydrocarbon-substiiuied silyls. such as trimeihytsiVl ether, silicon-substi- 
luted alkyi groups, such as trrneihytsilylmelhyl; and silicon-substituted aryl groups, such as irimeihytsilylphenyt. 

Examples ol the oxygen-containing groups include hydroxy! groups; alkoxy groups, such as melhoxy. ethoxy. 
propoxyBndbu1oxy:arytoxy groups, such as phenoxy. methy^hencoiy, dimethylphenoxy arxlnaphthoxy, andarylalKoxy 
SO groups, such as phenylmethoxy and phenylethoxy. 

Examples of the sulfur-containing groups include those wherein oxygen is replaced with suHur in the above-«x- 
empfified oxygen<ontaining groups. 

Examples of the nitrogen-containing groups include ammo groups; alkytamino groups, such as melhylamino, 
dimethytamino. ttethylamino. dipropylamino. dibutylamino and dicyclohexylamino; and arylamino groups and alkybr* 
SS ytemtno groups, such as phenytamino, diphenylamino. ditolylamino. dinaphthylamino and methylphenytammo. 

Examples of the phosphorus-containing groups irKlude phosphino groups, such as dimelhy^phosphino and diphe- 
nylphosphino. 

01 these. R* is preferably hydrogen, methyl, a hydrocarbon group ol 2 to 6 carbon atoms arx) an aromatic group. 



10 



msoooD. «CP_ori6«iAi.i.* 



EP.0 716121 A1 



and particularly prelerably methyl and a hydrocartxvi group ol 2 to 6 caibon atoms. 

R2 is prelerabty hydrogen and a hydrocarbon group, and particularly preferably hydrogen. 

Substitueni 

5 

is a hydrocarbon group of 1 to 20 cartxxi atoms which may be substituted with a halogen atom or a silicon- 
containing group, and is preferably a secondary or tertiaiy afkyl group of 3 to 20 carbon atoms or an aromatic group. 

Examples of the secondary or tertiary alkyi groups include ^propyl, i^utyl. sec-butyl, tert-butyl, 1 .2-dimethylpropyl. 
2.3-dime1hylbulyl. isoi)entyt, ted-pentyl. neopentyl cyclopentyl. cyclohexyl. 4-methylcyclohexyl. iso-hexyl. nortx>myl 
10 and adamantyl. 

Examples of the aromatic ^oups irx:lude aryl groups, such as phenyl. Idyl, dimethytphenylyl, trirr^ethytphenyl, 
ethytphenyl. propylphenyl. btphenyt. a- or p-naphlhyl. methylnaphthyl, anthracenyl, phenanthryl. benzytphenyl. pyrenyl, 
acenaphthyl. phenalenyl. aceanihrylenyl, tetrahydronaphthyl. indanyl arid biphenylyt; and arylatkyi groups, such as 
benzyl, phenylethylyl, phenylpropyl and tolytmethyL These groups may contain double or trple bonds. 
v5 Further, these groins may be substituted with habgen atoms and silicon-containing groups as descrbed for . 

Subsiliueni R* 

R* is a hydrogen atom or an alky! group of 1 to 20 carbon atoms. 
^ Examples ol the alkyI groups include chain and cyclic alkyl youps. such as nneihyl, ethyl, n-propyl. i-propyl. n- 

butyl, i-butyl. sec-butyl, tert-toutyl. pentyl. hexyl. cyclohexyl. heptyl, octyl, nonyl. dodecyl. ekxisyl. norbomyl and ada- 
n\antyl. ■ 

These groups may be substituted with halogen atoms and silicon-containing groups as described lor RV 
iS y andXg 

and are each a hydrogen, atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 

Examples of the halogen atoms, the oxygen-containing groups, the hydrocarbon groups of 1 to 20 carbon atoms 
30 and the halogenated hydrocarbon groups oil to 20 carbon atoms are those described lor R^ . 

Examples ot the sullur-conlaining groups include those described for R^; and further sullonato groups, such as 
methylsultonato. irifluoromethanesultonato. phenylsullonato. benzylsutfonato. p-toluenesullonato. trimethytbenze- 
nesuNonato. triisobutybenzenesuHonato. p<hloroben2enesullonato and pentafluorobenzenesullonato: and sulfinato 
groups, such as methylsullinato. phenylsuttinato, benzenesutfinato. p-toluenesulfinato, trimethylbenzenesulfinalo and 
3S pentalluorobenzenesuHinato. 

Y 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group ol 1 to 20 
40 carbon atomS: a divalent silicorvcontaining group, a divalent germanium-containing group, a divalent tin<containing 
group. "O. -CO, -S-. SO-. -SC^-. -NR5-. -P(R5).. .P(0) (R^)-. -BR*, or -AIRS- (RS is a hydrogen atom, a halogen atom, 
a hydrocarbon group oil to 20 carbon atoms or a hatogenated hydrocarbon group of 1 to 20 carbon atoms). 
More specifically, there can be exemplified: 

" Thedivalenthydrocarborf groups of 1 to 20 ca11>oFa!6lfKs include such as rn^ylerie] dmShyt 

45 methylene, 1 ,2-eihylene. dimethyl- i.2-ethy lane. 1 .3-trimethylene. 1,4-teira methylene. 1 .2-cyclohexylene and 1.4-cy- 
ctohexylsne, and arylalKylene groups, such as diphenylmethylene and diphenyM.2-ethylene. 

The divalent halogenated hydrocarbon groups of 1 to 20 carbon atoms include the above-exemplilied divalent 
hydrocarbon groups, which are hak>genated. such as chloromeihylene; 

The divalent silicon-containing groups include alkylsilylene, alkylarylsilylene and arylsilylene groups, such as meth- 
SO ylsilylene. dimethylsilylenc. diethylsilylene. di(n-propyl)silylene, di(i-propy!)silylene. di(cyclohexyl)s!lylene. melhylphe- 
nylsilylene. diphenylsilylene, di(p-tolyl)silylene end dt(p-chlorophenyf)3ilylene, and elKyldiailylene, alkylaryldisilylene 
andaryUisilylene groups, scuh as tetramethyM .2-di5ilylene and tetraphenyl-1.2-disilylene. 

The divalent germanium-containing groups obtained include those wherein silicon is replaced with germanium in 
the above-Gxempiified divalent silicon-containing groups. 
SS The divalent tin<ontaining groups include those wherein silicon is replaced v^th tin in the above-exemplifted di- 

valent silicon<ontaining groups. 

Examples of R^ are hatogen atoms, hydrocartxyi groups of 1 to 20 caitx>n atoms and halogenated hydrocaitxyi 
groups of 1 to 20 carbon atoms as descrbed for R\ 
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rac-Dimeihylsilylene-bis|1-(4^enylindenyl))2irconiuTi dichloride. 
rac-Dirnethylsilylene-bis|1-(2-methyM-phenylindenyl))2irconium dichloride. 
rac-DimethylsilylenG-bis| 1 -(2-melhyM-(a-naphthyl)indenyO)2ifconium dichloiide. 
rac-Dimelhyteilytene-bis| 1 -(2-nrwmy M-(p-naphlhyOindenyO)2iiconiurn dichloride. 
rac-Dimeihyr5iVlene-bis(1-(2-methyM-(1-amhiacenyl)lndenyl))2irconii^ 
rac-Dimethylsi^lene-bisI 1 •(2-melhyM.(2-anIhiacenyl)indcnyl))2i/conlum dichloride. 
fac-Dimelhylsilylene-bisn-(2-rT«thyM-<9-anthracenyl)indenyl)|2ifconium dichloride. 
rac-Dimethybj|ylene-bis{1-{2-rncthyl-4-(9*phenanthfyl)irKienyl))2ircw dichloride. 
rac-Dimethylsilylene4)isil-(2-nr»thyM-(p-nuoioph€nyl)indenyO)2ifconiu dichloride, 
rac-Dimeihylsllylene-bis{ 1 ■{2-methy W-(penlafIuofOphenyl)indenyl)|2irconlum dichloride. 
fac-Dtmethylsilylene-bis{l -(2-methy W-(p<:hlofophenyl)-1 -indenyO)2lrconium dichloride. 
rac-Dimemylsilylene4M6{1-(2-melhyM-(m<*tlofCphenyOindenyO)2irw^ 
rac-Dlmethybi^ene4)is(1-(2-me%l-4-(oH:hlofophenyOirtdeny^ 
rac-Dimethyl5i^^lene^«6| 1 -<2-melhyM-(o.p-dichlof ophenyI)indenyO)zirconiunj dichloride. 
rac-Dimelhylsilylene-bisi 1 -(2-methyM-(p-bromopheny!)indenyl))2irconium dichloride. 
rac-DfmethylsiIylene-bis|1 -(2-methy W.(p-tolyl)ir^der»yl)|2iroor)ium dichloride, 
rac4:)iiT«thytei»ylene-bisn-(2-rnemyM-<nr>-lolyOindefiyl){2liconiur^ dichloride. 
rac-Dimethylsllylerie-bis j 1 -(2-melhyM-<o-lolyl)indeiiyl))2ircon^ 

rac-Dirnemylsilylerie-bis|1-(2-memyM-(o,o*-diffieihylphenyl)iri^^ dichloride, 
rac-Dirnelhylsily1ene4)is{1H2-rnelhyM.(p-elhy»)heriyl)iridenyO)2ircorii 
iac-Difnethylsilylerie-bis{1-(2-nieihyM-(p-i-pfopylphenyOirxJenyO|2i 
rac-0iriielhybilylene4)isn-(2-nficthyM-(p-beiV7lphenyr)indenyl))2irconw^ 
rac-Dimethylsilylene-bis{ 1 -(2-mcihyM.(p-blphenylyl)indenyl))2irccnium dichloride. 
rac-Dirnethybilylene-bisp-(2-nr»ethyM.(m-bipheriylyl)inderiyl))2irconium dichloride. 
rac-Dirnelhybilylene-bislV(2-fT)ethyM.(p.irim©lhyteilylcncphenyl)indenyn)2b dichloride. 
rac-DirnethybiVlerie-bifi(V(2-rT»lhyl-4-(m-lfim©thyteilyteneph©nyOirKJo dichloride. 
rac-Oimelhytei)ylene-bis|V(2-pheriyM-phonyHndenyl))2ircooium dichloride. 
rac-Dieihy Isilylene-bisO -(2-methy|.4.phenylinder>y l)j2ifconium dichloride. 
rac-Di(i-pfopyl)silyler)e4>isn-<2-melhyM-pheriylirxiei>yl)}2irconi^ 
rac-Di<n.bulyl)8ilylene-bis|1-(2-methyl-4^henylindenyl)}zirconium dichloride. 
rac-Dicyclohexyl5ilyleneHbisnM2-rT»ethyl-4-pheriylirKJer^yl))2irconium 
fac-Melhylphenytsilylene-bis{l -(2-rn€thyM-phenylifKJenyl))2irconium dichloride, 
rac-Diphenybilylene-bis{1-(2-melhyM-phenyhndenyl))2irconium dichloride. 
rac-Di(p-lolyl)silytene-bis(1 -(2-melhyM.phenylridenyl))2irconium dichloride. 
rac-Di(p<hloropheriynsilylene-bis{V(2-rnelhyl-4-phenylfrideriyl))2irconiurndichto 
rac-Me!hytene-bts{l •(2-rT»thyM-phenylindenyl))2irconium dichloride. 
rac-Elhyl€nebis|1-(2-methyM-phenylindenyl))2ireonium dichloride, 
racDimethylgerinyter»-bis{1-(2-fljemyMH)henylirxJenyO)2ircor^iumdichto^ 
rac.Dirf)elhybtanriyler»-bis|l-(2-rfie!hyM-phenylhdenyl)|2ircoriiufn dichlortde. 
rac-Dirnethybilylene^{l-(2-rnethyM-phenylirKtenyl))2ircoriiurn dibromide. 
fac-Dime!hybi!ylene-bis| 1 -(2-melhyl-4-phenylir«Jenyl))2trconium dimethyl. 
rac-Dimethybily!ene-bis{1-(2-methyl-4-phenylindenyoi2irconium melhylchloride, 
rac-Dimemylsilyler>e-bis| l-(2-methyl-4-phenylindenyl))2irconium chloride SOjMe. 
~rac-0imeihybiVlehe-bis{rM2-rrie%W-^^^ OSOzMe^" ' 

rac-Dimeihyteilyiene-bis<l-(2-methyM^henylirKJenyl})2»rconium mono(trittuoiomethanesuttonate). 
rac-Dimeihylsi(ylene-bis| 1 -(2-meihyl-4-phenylirKJenyl)}2irconium di(lrlf luoromelhanesultortate). 
rac-Dimeihyl5llyler>e-bis| 1 •<2-meihyl-4-phenylindenyl))zirconium di(p-ioluenesunorute), 
iac-Dimeihyl5ilyIene-bis| 1-(2-methyM-phenyHndenyl))2ifCooium di(rT^elhyteulfonate). 
rac-0imethyle$ilylene-bis|1 ■(2-methyM-phenylindeny0j2ircorvum di(lrifluofoaceiaie), 
rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-phenylindenyl))2irconium monochloride mono(n-butoxyde), 
rac-Dimethytei)ylene-bis|1-(2-methy»-4-phenylindenyl)j2irconium di (n-buloxyde); 
rac-Dir7>ethylsifylene-bisp.(2-methyl-4-phenylindenyl)j2irconium monochloride rTX5no(phenoxyde), 
rac-Dimethybilylenc-bis|1-(2-melhyM-phenylinder>yr))liianium dichloride, arnj 
rac.DirT»elhybilylene-bi8|1-(2-methyM-phenylindenyO)hafniumdichtoride. 

0( the above compourwJs. particularly preferred are compourxJs of the formula (i-a) wherein is meihyl. 
Also preferably used are Irar^silion metal compounds of the formula (1 -a) whereh is a hydrocarbon group of 2 
lo 6 carbon atoms artd R3 is an aryl group of 6 to 16 carbon atoms. Examples of such corrpounds are listed below. 
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rac-Dimelhylsilylene-bisp-<2-i-butyM-(2-rnethylo.naphihyl)in^ 
fac-DimelhyfeiVtene-bis1 1 -(2-»-butyl-4.(5-acenaph1hyI)indenyr))7«conium dichtoride. 
rac-Dimelhylsilytene-bis1 1 -|2-hbutyM.(9-amhfacenyl)indenyl))2irconium dichloride. 
rac-DimethyteilylenG-bis{l-(2-i-bulyM-(9-phenanlhryOindenyl))2inx« 
rac-Dimelhylsilylene-bts|1 -(2-neopenlyM-phenyliKJenyl))2irconium dicbloride. 
rac-Difnelhybilylene-bis1 1 -(2-neopenly M-(Q-naphthyl)indefiyl)|2irconium dichbride. 
iac-DirnethylsiVlene4)is|l-(2-n-hexyM-phenylindenyf)|rircon dichtoride. 
rac-Otmethylsilylene-bisjl -(2-n.hexyM.(a-naphthyl)lndenyl))2irconiufn dichtoride, 
rac-Melhylphenybilylene-bis|1 -(2-ethyW-phenyliTxJenyI))2irconium dichloride, 
rac-^telhylphenyteilylene-bisi^-(2-€lhyW-(a-naph^hy!)^ndenyl))2ifC{x^ium 
ra^c-^tethylphenyteilylcne-bi5|^(2-elhyM-(9-anthraceny^)indenyl))2ifConiu^ dichtoride. 
fac-Methy|phenyteiVlene-bis|H2-ethyl-4-(9-phenanmryOindenyl)j2ifConium dichtoftoe, 
rac-Diphenylsilylene-bis|1 -(2-elhyM-phenylindenyO)2irconiom dichtoride. 
rac-Diphenylsilylene-bis|1 -(2-elhyU.(a-naphlhyl)indBnyI))2irconium dichtoride. 
fac-Diphenylsilyler»-bis|1-(2-€myM-(9-aiilhracefiyI)irKteriyl)|2ircon 
rac-DiphenylsiVler)e-bls{l-(2-elhyM-(9i)her«nmfyl)irKtefiyl)j2irconiOT 
rac-Diphenyteilyter^is{1 •(2-€myM-(4.biphenylyl)indenyl))2ircontum^d 
rac-Melhylene-toisn -(2-€lhyM-phenylir>denyl))2irconium dichtoride, 
fac-Meihylene-bis|1-(2-€lhyl-4-(Q-naphthyl)indenyl)}2irconium dichtoride, 
rac-Elhyter>e.bis{1-(2-elhyl-4-phenylindenyl))2iJConium dichtoridB. 
rac-Elhytenebis|1 •(2-ethyl-4-(o-naphthyl)indenyl))2ircc3nium dicWor ide. 
rac■EthytenB•bis^^(2-n-propyM.(o•^laphthyl)trK^erlyO)^rcor^iumdichtor^^^ 
rac-Dimethylgermytene-bisll -(2-€thyM-phenylindcny1))zirconium dichteride. 
rac-Diinethytgermylene-bistI -(2-ethyM-(a-naphthyt)indenyl)}2irconium dichtoride. 
rac-Dirncihyl9emiylerio-bis|1-(2-npropyM-phenylirider>yl))2irconlu^ dichtoride. 
rac-Dimelhyl8tannylGrw-bis|1-(2-GthyM-pher)ylindor»yl))2ifConiurDdichlofide. 
rac-Dimethylstannylene-bisp-(2-e!hyt-4-(a-r«phthyl)indenyl))2lrconium dichtortoe. 
rac.0imethytetannylene4)isp .(2-n.elhyM.(9-phonanthryl)indenyl))2irconium dichloride, and 
rac-Dimethylsiannylene-bts|1 -(2-r>-propyl^-phanylinder»yl))2irconium dichtoride. 

In ihe present invention, also emptoyable are transition metal conipounds wherein 2irconium metal is replaced 
with titanium, halnium. vanadium, niobium, lantalum. chromium. nrx>lybdenum or tungsten in the above-exemplified 
compounds. 

The transifion metal compounds are generally used in the lorm of racemic rriodilication as the olefin polymerization 
catalyst component, but they can also be used either in the lorm of R type or S type. 

The transition metal compounds used lor the invention can be prepared in accordance with 'Journal of Organo- 
metallic Chem-. 288 (1985). pp. 63-67 and EP-A^320762. For example. Ihe compounds of the lonnula (1-a) can be 
prepared by the foltowing reaction route. 
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2H2R'4 2buiyI-U 2HR*U HR'-Y-RH 
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wherein Z is CI. Br, I or o-tosyl group. arxJ H2R* b 
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The organoaluminum oxy-compound (b-l ) (hereinatler sometimes lelerred to as 'component (b-l)*) lor forming 
the olerm polymerization cataVst used in the invention may be either ahiminoxane conventionally known or a beruene- 
insoluble organoaiuminum oxy-oompound. the latter is described in. lor example. Japanese Patent Laid-Open PubK- 
cation No. 7B687/1990. 

35 The conventionaDy known aluminoxane can be prepared by. lor example, the lolkming procedures. 

(1 ) An organoalumhum corrpound. e.g.. trialkytaluminum. is added to a hydrocarbon medum suspension ot com> 
pounds containing adsorbed waler or sails containing water ol crystallization, e.g.. magnesium chbrkJe hydrate, 
copper sullafe hydrate, aluminum sultate hydrate, nickel sutlate hydrate and cerous chbride hydrate, so as to 

40 attow the organoaluminum compound to react with the adsorbed water or the waier of crystallization. 

(2) Waler. ice or water vapa is allowed 10 directly act on an organoaluminum compound, e.g., Irialkylaluminum, 
in a medium such as benzene, toluene, ethyl ether or telrahytfroluran. 

(3) An organotin oxide such as dimethyltin oxide or dibutyttin oxide is allowed to react with an organoaluminum 
cornpound,e.9.,Uialkylalurninum.inarnedium6uchasdeeane. te^ 

The aluminoxane may contain a smaB amount of an organometaliic component. Solutions ol the aluminoxane 
obtained above may be used in the invention, but M is abo possible that the solvent or the unreacied organoaluminum 
compound is distilled off trom the solutions and then the residue is redissohred in a solvent or suspended in a poor 
sdvenl lor aluminoxane. 

M Examples ol the organoakiminum compounds used lor preparing the aluminoxane include: 

trialkylalumiiuims. such es trimathyialuminum. triethytaluminunx tripropylaluminum, triisopropylakiminum. tri-n- 
butylalumirtum, triisobutylaluminum. Iri-sec*butytaluminum, tri-lert-butylaluminum. tripontylaluminum. trihoxylab- 
minum. trioctylaluminum and tridecylaluminum; 
S5 Ificyckalkylaluminums. such as tricyclohexylalum'num and tricydooctytaluminum; 

diatkytakimnumhalides. such as dimethylakiminum chloride, diethybluminum chtoride. diethytatuminum bromide 
and dtisdbutybluminum chtoride: 

diatkylahiminum hydrides, such as dielhytahiminum hydride and diisobutylalumnum hydride; 
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dialkylaluminum aikoxides, such as dimethylaluminum methoxide and diethylaluminum elhoxide; and 
diaikylaluminum aryk»ides. such as diethylaluminum phenoxide. 

01 these, preferred are trialKylatuminums and tricycloalkylaluminums* and particularly preterred is trimethylaluirv- 
5 num. 

Also err^loyable as the organoaluminum compound used for preparing the aluminoxane are alkenylaluminums 
represented by the following formula: 

10 wherein x. y and 2 are each a positive number. aruJ z ^ 2x. such as isoprenytaluminum. 

The organoatumtnum corhpounds mentioned above are used singly or in combination. 
Examples of the solvents used lor preparing solutions and suspensions of the aluminoxane include aromatic hy- 
drocarbons. such as benzene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as peniane. hexane. 
heptane, octane, decane. dodecane, hexadecane and octadecane: alicycfic hydrocarbons, such as cyclopentane. cy- 
IS clohexane. cycboctane and methylcyciopentane: peuoleiim fractions, such as gasoline, kerosine and gas oil; and 
halogenated derivatives of these aromatic, aliphatic and alicyclic hydrocarbons, particularfy chlorides and bromides 
thereof. Also empk^yable are ethers such as ethyl elher and tetrahydroturan. Of these solvents, preferred are aromatic 
hydrocarbOTYs and aliphatic hydrocarbons. 

The compound (b-2) capable of reacting with the transition metal compound (a) to form an ion pair (hereinafter 
20 sometimes referred to as 'component (b-^)"), thai is used for forming the olefin potymerizalion catalyst according to 
the invention, iru:tudes Lewis acids, ionic compourvjs and caiborane compourKis. as described in. tor example, Jap* 
anese Patent l^id-Open Publications No. 501950/1989. No. 502036/1989. No. 179005/1991. No. 179006/1991, No. 
20770an991 and No. 207704/1991. and U.S. Patent No. 547.71B. 

Examples of the Lewis acids include tiiphenylboron. lris(4-fluorophenyl)boron. trts(p-lolyt)boron. tris(o-tolyl)boron. 
^s lris(3.5<limethylphenyt)boron. tri6(penta1luorophenyl)boron. MgClj. AI2O3 and SiO^-AI^Os. 

Examples of the bnic compounds include triphenylcarbeniumletrakis(pentanuorophenyl)borate. lri<n-butylammo- 
niumtetrakis(pentafiuorophenyl)borate. N,N-dimethylanniniumtetrakis(pentanuorophenyl)borale and lerroceniumtet- 
rakis{pentafluorophenyl)borate. 

Examples of the carborane compounds include dodecaborane. 1-carbaundecaborane, bis-n-butylanvnonium 
30 (i-carbedodeca)borate, tri-n-butylammonium(7.6-dicart>aundeca]bOfaie and tn-n-butylamnrKxiium(lridecahydride* 
7-carbaundeca)t)orate. 

The compounds (t>-2) capable of reacting with the transition metal compound (a) to form an ion pair can be used 
alone or in combination. 

The organoaluminum compound <c) (hereinafter sometimes referred to as 'component (c)*) for forming the olefin 
3$ polymerization catalyst used in the invention can be represented by. lor example, ihe folbwing formula (2): 

(2) 

wherein is a hydrocarbon group of 1 to 12 carbon atoms. X is a halogen atom or a hydrogen atom, and n is 1 to 3. 

In the above formula (2). is a hydrocarbon group ol 1 to 12 carbon atoms, for example, an alkyi group, a 
40 cycloalkyl group or an aryl group. Particular examples thereof include methyl, ethyl, n^propyl. isopropyl. isobutyl. pentyl, 
hexyl. octyL cyckapentyt, cyctohexyl. phenyl arKf tolyl. 

Examples of the organoakjminum compounds (c) include: 

: fnalkytalijivruiiTe^'suc^ triisopiopylaluminum, triisobutylaluminumrlrioC''* 

45 tytalumtnum. tri(2-ethylhexyl)atumtnum and tridecytaluminum; 

alkenylaluminums. such as isoprenytaluminum; 

dialkylaluminum halides, such as dimethylaluminum chkxide. diethylaluminum chloride, diisopropyialuminumchlo- 
. ride, diisobuiylaluminum chloride and dimethylaluminum bromide; 

alkytaluminum sesquliafides. such as melhylakiminum sesquichoride, eihytakiminum sesquichtoride. isopropyla- 
so luminum sesqulchloride, bulylaluminum sesquichloride and ethylalumtnum sesc^ibromide; 

alkytaluminum dihalides. such as methyta luminum dichloride. elhytaluminum dichtoride. isopropylaluminum dichlo- 
ride and elhytaluminum dibromide; and 

alkytaluminum hydrides, such as diethylaluminum hydride and diisobutylakjminum hydride. 
SS Also empbyable as the organoaluminum compound (c) is a compound represented by tho following formula (3) : 

R'.AILs^ (3) 
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The polymerization temperature may be. in the suspension polymerization process, in the range of usualy -50 to 
100 prelerably 0 to 90 *C; in the solution polymerization process, tn the r;inge ol usually 0 to 250 *C. preterably 
20 to 200 *C; and in the gas phase polymerization process, in the range ol usually 0 to 120 *C. preferably 20 to 100 
*C. The polymerization pressure may be in the range of usually atmospheric pressure to 100 kg/cm?, preferably at* 
5 mospheric pressure to 50 kg/cm^. The polymerization reaction can be carried out either batchwise. semicontinuously 
or continuously. The polymerization can also be carried out in two or more stages under different reactbn conditions. 

The molecular weight of the resulting propytene-1 -butene random copolymer can be regulated by adding hydrogen 
to the polymerizalion system or by varying the potymer ization temperature or the polymerization pressure. 

10 Poly propylene composition 

The polypropylene composition of the invention comprises: . 

the pofypropylene (A) in an amount of 5 to 95 % by weight, prelerably 20 to 90 % by weight, more prelerably 40 
'S to 65% by weight, and 

the propylene-1-bulene random copolymer (B) in an amount' ot 95 to 5 % by weight, preferably 60 to 10 % by 
weight and 60 to 15 % by weight. 

The polypropylene composition can be prepared by any convenitonaliy known process tor preparing resin com- 
^ positions, for example, by melt-kr>eading the polypropylene (A) and the propylene- i-butene random copolymer <B). 

The melt ftow rate MFR of the polypropyterte composition may be in the range of 0.1 to 400 g^lO mtn. preferably 
1 to 100 9^10 min. 

The melting point of the polypropylene composition may be in the range of 60 to 165 *C. prelerably 60 to 160 *C. 

In addition to the polypropylene and the propylene-l -butene random copolymer, the propylene composition ol the 
invention may contain additives and other resins so long as the objects of the invention are r>ot marred. 

Examples of euch additives inchxle nucleating agents, antioxkiants. hydrochloric add absorbers, heat stabilizers, 
light stabilizers, ultraviolel light absortsers. lubricants, antistatic agents, flame retardants. pigments, dyes, dispersing 
agents, copper inhibitors, neutralizing agents, foaming agents, plasticizers. antitoaming agents, crosslinking agents, 
flowabiliy improvers such as peroxides, and weW strength improvers. 
30 As the antioxidants, phenolic antioxidants, sulfur antioxidants, phosphorus antbxidants. etc. are empbyable. 

Examples ot the phenolic antioxklants include phenols compounds, such as 2.6-dt-ten-butyl-p-cresol. slearyl 
(3.3<fimethyM-hydroxybenzyl)thioglycolate. slearyl-^(4-hydroxy-3.5-di-ten-butylphenyl)propionate. di5laaryl-3.5-di- 
icri-bulyW-hydroxybenzyl phosphonate, 2.4.6-tris(3'.5'-d»-teri-butyl-4'-hydroxybenzylihto)-l.3.5-tria2ine. distearyl 
(4-hydroxy-3-nr«thyl-5-terl-butylbenzyl)matonale. 2.2'-methylenebis(4-methyl-6-tert-butylphenol). 4,4'-methylenebis 
35 (2.5-di-ten-butylphenol). 2.?-methylenebi5l6-n-methylcyctohexyl)p<resolJ. bis|3.5-bis(4-hydroxy-3-ten-butylphenyl) 
butyrc ackJ) glycol ester. 4.4'^ulylkJenebis(6-tert-butyl-m-cresol). 1.1 .3-tris(2-methyl-4-hydioxy-5-lert-buty^enyl)bo- 
tane, bis|2-len-bulyM-methyl-6-(2-hydfOxy-3-tert-butyl-5-methytoenzyl)phenyI| terephthalate. 1 .3.5-tris(2.6-dimethyl- 
3-hydroxy-4-ten-butyl)benzyl isocyanurate, l.3,6-tris(3.5-dhten-bulyM-hydroxybenzyl)-2.4.6-trinr>ethy benzene, tel- 
rakislmethylene-3-(3.5-di-ten-butyl-4-hydroxyphenyl)propionale)methane. 1.3.5-tris(3.S-di-lert-butyl-4-hydroxyben- 
^ zyl) isocyanurate. 1 .3.5:tris|(3 5-di-tert-butyM.hydroxyphenyl)propionytoxyethyl) isocyanurate. 2-octyllhio^.6-di(4*hy- 
droxy-3.5-di-tert-butyl)phenoxy-1.3.5-triazine and 4.4*-thiobis(6-ten-butyl-rTvcresol); and polyhydric phenol carbonic 
acid oUgo esters, such as carbonc ackl digo esters of 4.4'-butyltdenebis(2-ien-butyl-5-methylphenol) (e.g.. polymer* 
izatnn degree.\2.tO-lO).^ _ 

Examples of the suffur antioxidants include dialkyi thtodipropk>nates. such as dilauryl thkxlipropionate, dimyristyt 
45 thiodtpropionate arKl distearyl thiodrpropior>aie: and esters of polyhydric ak:ohols <e.g.. glycerol, tnmethyioiethane. 
trimethytolpropane. pentaerythriiol and trishydroxycthyl isocyanurate) and alkylihtopiopionic acids (e.g.. bulyllhiopro- 
pionic ackl. octylihiopropionic acid, laurylihnpropionic acid and stearytthiopropionic acid), such as pentaerythritolte- 
tralauryl thcpropksnale. x 

Examples ot the phosphorus antk>xtiants include trioctyl phosphite, trilauryl phosphite, tridecyl phosphite, odyld- 
so iphenyl phosphite. tris(2.4-di-ten-butylphenyl) phosphite, triphcnyl phosphite. tri5(botoxyelhyl) phosphite. tris(nonyl- 
phenyl) phosphite, dislearylpentaerythriiol diphosphite. letra(lridecyl)- 1.1,3- Iii9(2-methy l-5-tert-butyM-hydroxyphe- 
nyt)butane diphosphite. tetra(C,2 C,5 mixed alkyl)-4.4*-isopropylidenediphenyl diphosphite. tetra(tridecylH.^'-butyli- 
deneb*is{3-melhyl-6-ten-butylphenol) diphosphite. lris(3.5-di-iertbutyl-4hydro)fyphcnyl) phosphite. tris(mono-di mixed 
nonylphenyl) phosphite, hydrogenatod 4,4'.isopropylkJ©nediphenol polyphosphiie. bi6(ociylphenyl).bis(4.4'-butyli- 
ss denebis (3-methyl-6-tenbutylphenol))-l,6-hexanedol diphosphite. phenyM.4*.isopropyidenedipherK>l-pentaerythritol 
diphosphite. bis(2.4.di-tert-butylphenyl)pentaerythrilol diphosphite. bis(2.6-di-iert.butyM^ethylphenyl)pentaerythri- 
tol diphosphite. tris{4.4*-isopropylidenebis(2-ien-butylpheno01 phosphite, phenykliisodecyl phosphite. di(nonylphenyl) 
pentaerythriiol dphosphhe. tri5(1.3-di-stearoyloxyisopropyl) phosphite. 4.4*-isopropylkjanebis(2-len-bulylphenol)-di 
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(nonylphenyO phosphtie. 9 j0^hydr<^9<)xa-1i)hosphaphenanmreneOC^k^ and tetrBki$f2.4^JMert^utylpheoyD. 

4 4*-btphenylene dtphosphhe. 

Pxamotesdlurther employable anlkadanls are e^ydrcDtychroman^^ 

andmbrtur^thereof.2.Wmethyk2.5.8.irimeiriyl-and2.57.8^eifa^ 
5 ta S^nyn-e-hydroxychfonan. 2^J.trirnethyl-S-lefl-buty^6-hydroxychrornan. 2.2.5lrimethyl-7.len.binyl^ytlroiy. 
chroman 2 2 S-lrirnelhyK6-lert*uiyl*hy*c»chrorTBn and 2^-dimemyl Wert.bulyW6.hydroxychroman. 
As me hydrochloric add absorbers. Iher e can be employed mixed sails represented by ihe lormula 

MxAly(OH)2)t43y-22(A)2«HjO 

Id (wherein M is Mg. Ca or 2n; A is an anion other than hydroxyl group; x. y and 2 are each a posH we number, and a is 
0 or a positive nurriber. such as MgfeAl2(OH),6CQ3«4HjO, 

MgeAyOH)sjoC03-5HjO. 

M9sAyOH)i4C034HjO. 
« M9,oAl2(OH)22(C03)2^H20. 

M9eAyOH),6HPO4-4H30. 

CaeAyOHh^COa^HjO. 

2neAl2(OH),6C03-4Hp. 

Zr^AljCOHheSO^^Hp. 
20 MgeAlj(OH)ieS03^HjOand 

Mg6Al2(OH),2C03.3H20. 

Examples d the 6^1 stabilizers include hydroxybenzophenones. such as 2-hydraity-4^ethoxyben2ophenone. 
24»vdrojiy^-n-ocloxyben2ophenonc. 2,2--dihydfoxy.4-mclhoxyben2ophenone Bnd2.4-d»iydTOxyben2opher>one;ben. 

» zdriazolee such as g-t^-hydfOxy-y-ieii-butyl-S'.methy^henyD-S^htofobenzotriazolc. 2.(2*-hydroxy-3'.5'-di.|eit. 
bolylphenyl).5<hloroben20lria20le. 2.(2'-hydroxy-5'^9ihytphenyi)berttoiria20ie and 2.(2'^ydrwy.3*.5'Kfi.ien.arrvl- 
pheriyl)benzotriazole- benzoaies. such as phenyl salicylate, p-tert-butylphenyl salicylate. 2.4<li-iert.buiyipheny|.a5^^ 
tert^vM-hydroxybenioateand hexadecyl-3.5^i-ten-butyl-4^ydroxyben2oate; nickel compounds, such as S.^^hio- 
bis(4^eri-a:ty»)henol)Nisan.|2.2'^iobe(4.iert.octy^phe^^ 

30 zvhDhosphonic acid monoethyl esler Ni sat; substituted acryksnilriles. such as melhyl a<y8no-p.meihyl-P-(p-metho>. 
x^henvnacrylate: oxalic ackJ dianilides. such as N'-2-elhy^)hcnyW-ethoxyphenyloxamide and N.2-elhytpheny|.W. 
2-ethoxYphenyloxamide;aadhinderedaminecompou^^ 
l{(6Ml.l.3>teUameihytouiyI>minoh1.3>Uia2ine-2.4-diyH4-(2.2A6^etramel^^^ 
a condensate ol 2-(4.hydroxy-2.2,6.6-ietram€thy|.1-piperidyl)ethanol and dimethyl succinate. 

35 Examples ol Ihe lubricants include aliphaiic hydrocarbons, such as paraHin waxes, polyethylene waxes and poly- 
propylene waxes; ht^r tatty acids, such as capric acid, lauric acid, myiistic acid, palmftic ackJ. margaric acid, steanc 
acid arachidic acid and behenic ackJ; metallic salts ol these acids, such as liihium salt, calcium sah. sodium safi. 
magnesium saB and potassium salt; aliphatic ateohols. such as palmiiyl alcohol, cetyl afcohol and stearyl alcohoi. 
aliphatic amktes such as capronamkJe. caprybmkte. caprinamkJe. laurylamide. myristylamide. palmiiylamide and 

40 MearytamUe; esters ol tatty acids and alcohols; and fluorirw compounds, such as fluoroaikyfcafboxyiic acids or thetr 
metaUic saBs and fluoroalkybullonic acid metallic salts. . « ,« 

The above-mcmioned additives may be contained in the polypropylene composilon m amounts ol 0 0001 10 10 

^IftTo^f Addition of these adOtives lo the polypropylene composition ol the invention, molded articles much more 
' 4r "^r^^^^^ properties; durabiSiy. painiabiay. printabHiiy. mar or .scuflinj rw^ance . 

and mokiing processabiHiy can be lormed from the composlion. 

TTie polypropylene composiicn ol the invention may contain nucleating agents, as described above. 
There is no specific limilalion on the nuclealing agent used herein, and various nucleating agents convcntcnaBy 
known are en^loyable. 01 these nucleating agents, preleired are aromaic phosphoric ester salts and dibenzyfidene- 

so aromatic phosphoric ackJ ester salts, there can be used compounds represented by the loltowing lormula: 
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R' P— O 



M 



so 



2$ 



30 



35 



40 



Wherein is oxygen, sulfur or a hydrocart)on group of l lo lO carbon atoms; and may be the same or dinerenl 
and are each hydrogen or a hydrocarbon group of l to 10 carbon atoms; both Rp. both R^, or R^and R^ may be bonded 
together to form a ring; M is a inonovatoni to Irivalent metal atom; and n is an Integer ol 1 lo 3. 

Examples of the nucleating agents represented by the above formula include 60dium-2.2'-methylene-bis(4.&di*t- 
butylphenyt)phosphate. sodium-2.2'-ethylidene-bts(4,6-di-t-butytphenyl)ph06phate. lithium-2.2'-methylene-bis(4.6-di- 
t>bu1ylphenyl)phosphate. Hthium-2^*ethyljdene*bis(4.6-dKt-butytphenyl)phosphate, sodium'2.2'-e1hyltdene-bis(4-i- 
propyl-6-t'butytphenyl)phOGphate, Iithium*2.2''melhyl6ne-bis(4-methyl-&'t-butylphenyt)ph06phate. l(thiurTv2.2''meth- 
ylene-bts(4-ethy^t*butylphenyl)phosphate. calcium-bts[2.2*'thiob}S(4-methyt-6-(-butylphenyl)phosphatc]. calcium- 
bi6[2^-thiobi6<4*ethyl>6*t-bu1y^)henyl)phosphate). calcium'bis(2.2'-thiobi8(4 .6^i-i-butylphenyl)phosphate], magneei- 
um-bis|2.2Mhiobis(4.6'di*t-butylpheny))pho$phaie). magne$ium-bis[2^-thiobi5(4-t*cciylphenyl)pho&phale]. sodium- 
2.2'-butylidene-bis(4.6-dimethylphenyl)phosphate, sodium-2^-butylidene-bis(4,6-di*t-butylphenyl)phosphate. sodi- 
um-2.2'-1-octylnnethylene-bis(4.6-dimethylphenyl)pho5phate. 60dium-2.2'-l-octylmethylene*bi8(4.6-dM-bulylphenyl) 
phosphate. calctum-bis(2.2'-methyiene-bis(4.6-dhl-butylphenyl)phosphate]. magnesium-bis|2.2*-methylenB-bis 
(4.6-di-t-butylphenyl)phosphaie|. barium-bts|2.2'-mGthylene-bis(4.6-<S-t-butylphenyl)pho5phale]. sodium-2.2'-melhyl- 
ene'bis{4-methyl^l-buty!phenyI)phosphate. 5odium-2.2'-methylene'bis(4-ethyl-6-t-butylphenyl)phosphale. sodium 
(4.4'-dimcthyl-5,6'-di-t-butyl-2^-blphcnyl)phosphale. calcium-bis[(4.4*-dimethyl-6.6*-d»-l-bulyl-2,2'-biphenyl)phos- 
phate], sodium'2.2'-ethylidene*bis(4*m-buty)-6-t-butylphenyl)phosphate. $odium-2.2'-methytene-bi5(4.&dimethytphe' 
nyt)pho5phate, sodiurh-2^*-methylene>bi5(4.6-diethylphenyr)phosphate. potassium-2.2'-elhylidene-bis(4.6-di-t-butyl- 
phenyl)phosphate. calcium-bis|2.2'-6thylidene'bis(4.6^i-t-butytphenyl)pho5phate], ma9nesium-bis|2,2*-ethylidene* 
bis(4.6-dM-butytphenyl)ph05phate]. barium*bis|2.2'-ethylidene-bis(4,6-di-t-butylphenyt)phosphale]. aluminum-lris 
|2^-methylene-bis(4,6-di-l-butytphenyl)phosphate| and aluminum-tris|2.2'*elhylidene-bis(4.6-di-t-buty^enyl)ph06- 
phate]. and ml)rtures ol these compounds. Of these. sodium-2.2'*methylene-bi5(4,6-dM-butylphenyl)pho6phate is pre- 
ferred. 

As the nucleating agents, the following aromatic phosphoric ester salts can also be used: 



M 



-* n 



wherein R^ is hydrogen or a hydrocarbon group of 1 to 10 carbon atoms; M is a monovalent lo trivalent metal atom; 
and n is an integer of 1 to 3. 

Examples of these compour>ds include sodium-bis(4-t-butylphenyl)phosphate, sodiijm*bis(4-nn6lhylphenyl)phos* 
phate, &odium bis(4-ethylph8nyl)phosphate. sodium-bis<4-i-propylphenyr)phosphate. sodium*bis(4-t-octylphenyf) 
phosphate, potassiurTvbis(4-t*butylphenyl)phosphate. calcium-bis(4-t-butylphenyl)phosphate. magnesium- bis(4-t- 
butylphenyOphosphate. iithium-bi8(4-t-butylphenyl)phosphate andaluminum-bi6(4-t-butylphenyl)phosphate, and mix- 
tures of these compounds. Ol these, sodium-bis(4-t-butylphenyl)phosphate is preferred. 

Further, as the nucleating agent, there can also be used beraylidenesolbilols represented by the formula: 



msoocio. «EP mwawtj_> 



21 



EP0716 121 A1 



5 




OH 

wherein R5 is hydrogen Of a hydrocaiton group of 1 to 10 cartxx) atoms. 

f 0 Examples ol these compounds include 1 .3.2.4-diben2yWenesorbitoI. 1 .S^)en2yBdene-2.4i)-meihy benzyBdene- 
sorbitol. l.34)enzylidene-2>p-ethyfbenzylid8nesoft)itol, l.3iHnelhytoen2yliden©-2.4.ben2ylidenesorbitol, 1.3i>- 
elhytoen2yidene-2.4^)cn2ylidenesort)itol. l>p-melhyft)cn2yDdene-2.4i).ethyben2ylidenG60rt)itol. l>p-elhylben- 
2ylid8ne-2.4i>-melhytoen2ylidenesorbilo|, 1.3i.4-di(p-meihytoen2ylidene)sort)iiol. 1.3^.4^(p^thyR)en2ylidene) 
sorbitol. l.3.2.4KJi(p-ni)ropyben2ylidene)sort)ilol. 1.3.^4Kli(p-H)ropylbcnzylid8ne)sort)ilol. 1.3^.4-diljH>-butytoen- 

IS 2ylidBne)sofbitol. 1.3.2.4^(p<-bulytoen2ylidene)sorbild. 1.3^.4^(p.|.buiyl)en2yldene)sofbilol. 1.3.2.4-<li(?.4'. 
dimeihyiben7yiidcne)sorbitol. 1 .3^.4^p-methcaybenzylid8ne)soibitql. 1 A2.4^ji(p-emoxyben2ylidene>soibilol^ 
l.3-ben2yUbene'2.4i>-chlorobenzytidenesofbilol, I,3^lor0ben2ylidene-2.4«benzyldenesorbiiol. l.S^xhtoioben- 
2ilidene-2.4-p-m€ihyt)en2ylidenesorbiiol. I.3ixhtorobcn2ylidene.2.4-p<ihyben2ylidiinesort)iiol. l.^^Hnethyben- 
2yliden€-2.4iH*itorobenzyMenesort)ilol, l,3iheihyib€n2yBdene-2.4.p<htaroben2ylidenesoibitol and 1,3,2.4-dHp- 

20 chloroben2ylidene)sorbiiol. and mixtures ol these compounds. CM these. 1 .3.2.4<3ibenzyrrienesorbilol. l.3.2.4-di(p- 
melhylben2ylidene)50fbitolJ.3.2.4Kii(p-eihylben2yridene)sorbitrt 
sofbiiol. l,3,2.4-di(p<hlofobenrytidene)sorbflol and mbrtores thereol are prelerred. 

F urihei. nucleatng agents which may be used are melailic salts ol aromatic carboxylic acids and aliphatic caiboxyiic 
acids. Exan^es thereol include aluminum benzoate. aluminum p-t-butytoenxoate. sodium adipate. sodium thiophene- 

2S carboxylate and sodium pyrrolecaiboKylale. 

Inorganic ooovxNjnds such as talc are afeo employable as the nucleating agents. 

The nucleatfig agent as descrft>ed above may be contained in the polypropylene composition of the invention in 
an amount ol 0.001 to iO % by weight, preferably 0.01 to 5 % by weight, more preleiably O.lio 3 It by weight 
By the addition of the nucleating agent, the ciystallizalion rata of the polypropylene composition can be improved 
30 and the crystal particles can be made smaHer in the ciystaltoaiion piocess. eby high-speed molding can be at- 
tained. 

As the other f esns which may be added to the composilion ol the invention, themwplastic resins or themnsetting 
resins are employable. Exarples of such resir» include a-detin homopctymers such as potyethylene and poly- 
1 -butene. c^fin copolymers, copolymers of a-olefins and vinyl monomers, modified olefin polymers such as maleic 
35 anhydride-modified potypropylenes. potyamides. polycarbonates. ABS resins, polystyrenes, polyvinyl chlorides, 
polypheoylene oxides, peuoleum resins and phenolic reswis. 

The polypropylene compoeition of the hvention may lurther contain inorganic fiOeis. Examples of the inorganic 
• fillers include: 

40 powdery tSDers. for exanple. natural silicic acids or silicates such as fine-powdery laic. kaolinHe. calcined clay. 
pyrophyOite. sericile and wollasionite. carbonates such as precipitated calcium carbonate, ground limestone and 
magnesium carbonate, hydroxides such as aluminum hydroxide and magnesium hydroxide, oxides such as zirtc 
oxide, zmc whHe and magnesium oxide, and synthetic sPicic acids or silicates such as hydrated calcium silicate. 
hydrated aluminum silcate. hydrated silicic acid en d sBicic anhydride; ^ 

45 flaky fiOers. such as mica; 

fibrous fillers, such as basic magnesium suHate vmisker. calcium tiianate whisker, aluminum borate whisker, ee- 
pioine. PMF (Processed Mineral Fber), xonotoiiie. potassium tiianaie and ellesiadiie; and 
balkson f Ulers. such as gbss balloon and fly ash balkioa 

so Of twse filters, fine-powbery tafe is prelerabfy used in the invention. Particularly preleried is fine^xmdery late 
having a mean particle dian>eter ol 0.2 to 3 pm, especially 0.2 to 2.5 pm. 

The tab desirably contains particles havng a mean diameter ol not less than 5 pm in an amount of not more than 
10 % by weight, preferably not more than 8 % by weight. 

The mean particle diameter of the talc can be measured by a liquid phase precipiialton method. 
55 tn the present inventioi. H is preferable that the talc has a mean aspect ratio (ratio of longitudinal or lateral length 
to thickness) of not less than 3, panicularly nol less than 4. 

The inorganic Tillers, n particular talc may be used wilh or without suHace treatmeni in the invention. The surtace 
treatment can be carried put chemically and physically. lo» example, using tieaing agents such as silane coupling 
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agents, higher fatly acids, tatty acid metallic salts, unsaturated organic acids, organic litanates, resin acids and poly* 
ethylene glycols. 

By the use ol the surlace-treated inorganic tillers such as talc, a polypropylene composftion excellenl also in weld 
strength. painlabilHy and molding processabifity can be obtained. 
5 The inorganic filers as mentioned above may be used h combirtation. 

It necessary, organic fillers such as high styr enes, lignin and reclaimed nibbcrs may be used in combination with 
the inorganic fillers. 

The polypfopylene composition of the invention described above is excellent in heat resistance and tow^emper- 
ature heat-sealing properties as well as in ftexbifity and impact resistance. The polypropylene composition can be 
10 favorably used for heat -scalable OPP, injection molded articles, e.g., container, improved tn impact resistance, strelch- 
blow molded articles, containers lor retort pouch foods, films and sheets. 

Further, the polypropylene composition of the invention can be applied to other various uses than the above- 
mentioned ones. For example, it can be used for household appliance parts such as housings and tubs of washing 
machines, aulomobfle interior parts such as trims, interior panels and column covers, automobile exterior parts such 
IS as terxJers, bumpers, side moles, mudguards arxJ mirror covers, and ordinary miscellaneous goods. 

Next, the polypropylene composite fitm d the invenUon comprising a layer of the above-mentioned polypropylene 
composition is descht>ed in detail. 

Polvpropvlene composite film 

so 

The polypropylene composite film according to the nvention comprises: 

(I) a crystaliine polypropylene layer, and 

(II) a layer formed from the polypropylene composition ol the present invention, which is t^ninated on at least one 
2S surface of the crystalline polypropylone layer (I). 

l\) Cn^stalline polyofopvlenc laver 

The substrate of the polypropylene composite film of the invention is formed from a crystalline polypropylene (I). 
In the present invention, as the crystalline polypropylene, polypropylenes conventionally known as film-tofmir>g 
materiafe can be used, but prelerably used is a polypropylene having an isolactic index I.I. (boiling n-heplane-insoluble 
component) of not less than 75 %. preferably 75 to 99 %. 

The crystalline polypropylene preferably has a density of 0.69 to 0.92 g^cm^ and a melt index (230 'C) of 0.1 to 
10 gMOrrun. 

Although a homopolypropylcne is generally used as the crystalline polypropylene, a propylene landom copolymer 
containing units from an olefin other than propylene in a small amount, e.g.. not more than 5 % by mol. may be used 
as long as the objects ol the invention are not marred. Examples of the other olefins include oolefins of 2 to 20 carbon 
atoms except propylene, such as ethylene, 1-butene. 1-pentene. 1-hexene, l-hepiene, 1-octene. t-decene. l-do- 
decene. 1-hexadecene and 4-methyl-i-pentene. 

The crystalline polypropylene used in the invention can be prepared by a conventional process using a Known 
solid titanium catalyst component or metatlocene compound catalyst component. 

To the crystanine polypropylene, additives such as heat stabiUzers. ultraviolet light absorbers, anti-blocking agents, 

slg_agents ar>d antioxidants may t> e adde d. 

m the invention, the crystalline potypropylene layer (I) may be either unstretched or biaxially stretched. 

(II) Polvproovlene composition laver 

The heat-sealing layer of the polypropylene composite nim is tormed from the polypropylene composition of the 
invention described atxive. 

Among the polypropylene compositions, particularty preferably used to form the heat-sealing layer of the polypro- 
pylene composite fifrn b a composition comprising (A) a polypropylene and (B) a propylene-1 -butene random copoly- 
mer, both described below 

The polypropylene (A) is preferably a crystalline polypropylene containing units from propylene in an amount of 
not less than 90 % by mol. 

The propylene-1 -butene random copolymer (B) desirably have the following properties: 

(1 ) The copolymer contains unhs from propylene in an amount of SO to 95 % by mol. prelerably 55 to 93 % by mol. 
more preferably 60 to 90 % by mol. and contains units from 1 -butene in an annunt of 5 to 50 % by mol. pi eterably 
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7 to45 % by mol. more preterab»y 10 to40% by mol 

(2) The inirinsic viscosily (n) is in t^e range ol O.Ho 5 (fl/g. preleraWy 0.5 lo 4 dl/g. more preferably 1 to 3 d/g. 

(3) The molecular weight dislrd)iition (Mn/Mw) is not nxxe lhan a pielerabty not more than 2.5. 

(4) The randomness parameter B value is in the range oil .0 to 1 .5. pielerabty 1 .0 lo 1 .i more prelerably 1 .0 to 1 2. 
s {h) The mefthg point Tm. as measured by a ditferential scanning cabrimeter. is in the range ol 60 to 140*0. 

prelerably 80 lo 120*0. more prelerably 90 to 110*C. 

(6) The crystaninity. as measured by X-ray dillractometry. ts prelerably in the range ot 1 5 to 65 more prelerably 
201060%. 

10 Further, the propylene- 1-buiene random ccjpolymer may contain ^egio^rregula^ units based on S.l-insertions d 
propylene in an amount ol not less than 0.05 %. 

The polypropylene composition lor lorming the heat-sealing layer ol the polypropylene composite Tikit ol the in- 
vention contains the propy»ene-l -butene random copolymer (B) having the above properties . so that it exhtoits excellent 
heat-sealrg properties. For example, il the hlrinsic viscosity (n). i©-. the above property (2) of the propytene-1 -butene 
15 copolymer, exceeds 5 dl/g. the moUabiity ol the composition may be reduced and thus it may be difficult to form a 
heat-seaing byer having a desired thicltness, e.g.. not more than 50 pm II the intrinsic viscosity is less than 0.1 
dl/g. the heat-sealing strength may be lowered. 

It the melting point, i e.. the above property (5). exceeds 140 'C. heat-sealing may require high temperatures, e. 
g.. not lower than 130 'C. n the melting point is lower than 60 *C. the low-temperature heai-seaiing properties are 
20 improved, but the scratch resistance may be lowered and blocking ol the resulting Films may lake ptace during storage, 
making their practical use hard. 

A propylene-1 -butene random copolymer having a crystallinity o( 1 5 to 65 % is prelened because a fikn ol excellent 
low-temperaiure heat-seafng properties and high blocking resistance can be obtained. II the crystallinity is toss than 
15 %. the resulting lilm may have insufficient scratch resistance end terids to sutler blocking and tackiness. It the 
2B crystallinity is more lhan 65 %. the taw-temperature heat-sealing properties are not suffciently improved. 

In the present nvention. the propylene- 1 -butene random copolymer which is partially or lully rrwdified with unsatu- 
rated caiboxyfic acids or anhydrides thereof can also be used. The nr>odBied product ol the propylene-l -butene random 
copolymer is excellenl in ovenwrapping properties and bond properties to other materials such as metals. 

In the polypropylene composite fikn of the invention, the heat-sealing layer (II) is formed trom a polyprepylene 
30 composHion conprising the polypropylene (A) and the propylene-1 -butene random copolymer (B), and the amounts 
ol these components (A) and (B) can be properly determined depending on the purposes. 

In the fwention. lor example, the heat-seaing layer (II) ol the polypropylene composite film may be loaned trom 
a polypropytene condition which contains the polypropytone (A) in an amount ol 5 to 50 % by weight and the pro- 
pylene-1 -butene random copolymer in an amount ol 95 to SO % by weight. 
3S From the polypropylene composition containing the components (A) and (B) in the above-menlioned amounts, 
there can be obtained a polypropylene composite film (1) excellent in not only transparency, low-temperature heat- 
sealrig properties and hot tack properties but also slip properties and mechanical strength such as blocking resistance 
and scratch resistance. 

The heat-sealing layer (II) ol the polypropylene composite film of the invention n^ay also be formed from a poly- 
40 propylene composition which contains the polypropylene (A) in an anrtount of not less than 50 % by weight and less 
than 90 % by weight and the propylene-1 -butene random copolymer (B) in an amount ol not less than 10 % by weight 
and less than 50 % by weight 

From the polypropylene composition containing the components (A) and (B) in the above-mentioned amounts. 

there ca n be obta ined a polypropylene composition film (2) excellent in not only transparency and kiw4emperature 

<5 heat-sealing properties biiiltomecf»hi»l strength suchBs blocking resistance and scratch resistance. 

In the polypropytene corrposiie films according to the invention, it the amount of the crystalline polypropylene (A) 
in the polypropylene composUlon exceeds 90 % by wei^i. the softening temperature ol the ntm strikingly rises and 
the k)w-lerrv>eralure heal-sealing properties are markedly towered. II the amount thereof is toss lhan 5 % by weight, 
the blocking resistance and the scratch resistance ol the film may be lowered. 
so The polypropylene composite film according to the inventksn comprises the c rystatline polypropylene byer (1) and 
the polypropytene composition heat-sealing layer (II). and the heai-aealing layer (II) may be provided on one or both 
surtaces ol the crystalline polypropylene layer (I) serving as a substrate. 

In the polypropylene composite film ol the invention, the crystaOine polypropytene layer (I), as a substrate may be 
either unstretched, monoaxiaDy or biaxiaDy stretched. One or both surfaces ot the substrate (I) may be subjected lo 
5S corona discharge treatment by a conventional method. 

The conposiie film of the invention can be obtained from the crystaltine polypropytone (I) and the polypropytone 
composition (11) by. tor example, the toibwing processes. 
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(1) The crystalline polypropylene (I) and the polypropylene composition (II) are co^xtr'icJed lo term a laminated 
sheet. 

This lamnated sheet may be monoaxially stretched in the longitudinal or lateral direction, or may be biaxiaUy 
stretched in the longitudinat and lateral directions separately or simultaneously. 

(2) The crystalGne polypropylene (I) is melt-extruded lo form a lilm (substrate), on which the polypropylene com- 
position (II) is men-extruded to lorm a lamnated sheet. 

TNs laminated sheet may be monoaxially stretched in the longitudinal or lateral direction, or may be biaxially 
stretched in the longftudinal and lateral directions separately or simultaneously. 

(3) The crystalline pdypropytene (I) is melt-extruded and nrionoaxially stretched in the longiiudhal or lateral direc- 
tion to lorm a substrate. On the monoaxially stretched substrate, the polypropylene composition (II) s melt-extrud- 
ed, or a film of the polypropylene composition (tl) preliminarily formed is laminated. The resuming laminated sheet 
is stretched in the unslretched direction ot the substrate. 

(4) The crystalline polypropylene (I) is mell-extnided and biaxiany stretched in the longitudinal and lateral directions 
separately or simultaneously to lorm a substrate. On the biaxially stretched substrate, the polypropylene compo- 
sition (II) is melt-exinided, or a film of the polypropylene composition (II) preliminarily formed is laminated. 

(5) A film ot the crystalline polypropylene (I) and a film ot the polypropylene composition (II] are laminated together 
withan adhesive. The resulting laminated sheet may be monoaxiaBy stretched in the longiiudnal or lateral drection. 
or may be biaxially stretched in the longitudvial and lateral directions separately or simultaneously. 

In the polypropylene- composite Tilm according to the invention, the layer of crystalline polypropylene 0) has a 
thicKness of 5 to 200 ^m. preferably 10 to GO ^m, and the layer of polypropylene composiion (II) has a thickness ot 
0.1 to 50 \sm, preferat>ly 0.5 to 20 ^m. 

In the composite film of the invention, when the substrate made of the crystalline polypropylene (I) is stretched, 
the stretch ratb in the longitudinal direction is in the range of 3 to 7 times, preferably 4 to 6 times, and the stretch ratio 
^ in the lateral direction is in the range of 3 to 1 2 times, preferably 6 to 10 times. 

EFFECT OF THE INVENTION 

The polypropylene composition according lo the invention is excellent in heat resistance and low-lenrperature 
» heat-sealing propenies as well as in flexibility and impact resistance. The polypropylene composition c^ be favorably 
used for heat-sealable OPP. injection molded articles such as containers improved in impact resistance, stretch-blow 
molded artcles. containers for retort pouch foods, films and sheets. 

Further, the polypropylene composition of the invention can be applied to other various uses than the above- 
mentioned ones. For example, it can be used lor household appliance parts such as housings and tubs of washing 
35 machines, automobie interior parts such as trims, interior panels and column covers, automobile exterior parts such 
as lenders, bumpers, side moles, mudguards and mirror covers, and ordinary miscellaneous goods. 

The polypropylene composite film of the inveniion having a heat-sealing layer of the polypropylene corr^ition 
is excellent in heat-sealing properties. Particularly, the film can be heat-sealed in a wide temperature range, in particular 
at low temperatures, and has high heat-sealing strength. Further, even when the polypropylene composite film is stored 
40 for a long period ol time, its heat-sealing temperature does not change with time, and thus stable heat-sealing operation 
can be assured. 

Furthermore, because ol its excellent transparency, scratch resistance and blocking resistance, the polypropylene 
composite film of the inventksn can t>e used-tor high-speed, packaging _ _ _ 

According to the invention, a polypropylene composite film further having good hot tack properties ffi addit^ io 
^ the above-mentioned excellent properties can be formed. 

The polypropylene composite film according to the invention can be favorably used for packaging ot foods, fill- 
packaging and fiber packaging. 

EXAH^LE 

so 

The present nventton wiO be further described with reference to the foltowing examples, but it should be construed 
that the invention is in no way limited to those examples. 

Measurement of properties of the propylene-1 -butene random copolymer (B^ 

55 

(1) Propylene content and 1 -Butene content: 
Determined using ^^C-NMR. 
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(2) inlfinsic vtscoshy (q): 

Measured in decahydronaphthalene at 135 *C and expressed by ^ 
5 (3) Molecular weighidi5tribuliori(Mw/iyin): 

Measured in the following manner using GPC-150C produced by Millipore Co. 

A separatory column o( TSK-GNH-HT having a diameter of 27 rrvn and a length of GOO mm was used, and the 
column temperature was set to 140 *C. A mobile phase used was (xfichlofobeniene (available from Wako Junyaku 
Kogyo K.K.) containing 0.025 % by weight of BKT (available from Takeda Chemical Industries, Ltd.) as an antioxidant 
and a moving rate was 1 .0 mVmin. 500 \t\ o1 a solution contahing 0. 1 % by weight of a sample was introduced into the 
colurm. A differential refractom^er was used as a detector. 

With regard to molecular weight standards, polystyrenes available fiom Toso Co.. Ud. were used lor Mw < i.OOO 
and Mw > 4 X 1 0^. and polystyrenes available from Pressure Chemical Co. were used lor 1 ,000 < Mw < 4 x 1 0^. 

15 

(4) B value (monomer distribulion) 

A hcvnogeneous sample softjlkm of about 200 mg of a copolymer in l ml of hexachtorobutadiene was measured 
fa Its NMR spectrucm in a sample tube having a diameter of 10 mm under the measuring conditions of usually 6 
^ temperaluf e of 1 20 *C. a frequency of 25.05 MHz. a spectral widlh of 1 ,500 Hz, a rdler widlh of 1 .500 Hz. pulse repetition 
time of 4.2 sec end integrating times of 2.000 to 5.000. From the spectnim obtaned. Pg. Pq and Pq£ were sought, 
and the 6 value was cafcUated using p£. Pq and Pq^. 

(5) Melting point (Tm): 

35 

Measured in the lolbwng manner using a DSC-7 type measuring device produced by Perkin Elmer Co. About 5 
mg of a sample charged in an aluminum pan was healed to200 *C, kepi at 200 *C lor S minuies. then cooled to -40 
'C at a rate of 10 *Drrun and healed again at a rate of 10 *C/nrm. to obtain an endothermic curve ol the sample. From 
the endothermic curve, the meSing point (Tm) was deiennined. 

JO 

(6) Cryslallinily: 

Determined by X-ray ditf lactometry for a press sheet having a thickness ot 1 .0 mm which was stored tor at least 
24 hours after the press molding. 

35 

(7) Tfiadtactidly 

A ^3C-NMR spectrum (tetramethylsllane standard) of a hexachkxobutadiene solution of a sample was measured, 
and a proportkm (%) of the area ot peaks appeared in the region of 21,0 to 21 .0 ppm to the loial area (100 %) of peaks 
^ appeared in the region of 1 9.5 lo 21 .9 ppm was calculated. 

(8) Proportion of hetero bonds based on 2.1 -insertions: 

Determined jn the aloresakj rnanner using aL!^;N!^S9<^^ relerence to •Polymer*, 30, 1350 (1989). 

45 Polypropy lenes and propylene-l -buiene random oopo^mers used in Exarrjpte'l toB and Cbmpar^ive Exariiples 
1 and 2 are described below. 

In the examples and comparative examples, the following polypropyienes prepared using a generaH)urpose sottd 
lilaniumcaialysl componenl were used. 

Polypropylene-1: a propylene homopolymer (inbinsc viscosity {r\): 2.9 dl^g, DSC melting point: 164 *C, ciystatSnity: 
» 62%^ 

Polypropylene-2: a propylene random copolymer (composition: propylene = 96.4 % by mol. ethylene = 2.1 % by 
mol, I butene s 1.5 % by mol. intrinsic viscosity (i)}: Z^ dl/g, DSC melting point: 142 *C, crystallinity: 56 %). 

Next, a synthesis example lor synthesizing a catalysl component, and preparation examples lor preparvig the 
propylene* 1-butene random copolymers (B) using a catalyst component synthesized by the same procedure as in the 
^ synthesis example are described. The properties ol the propy leneO -butene random copolynwrs (PBR) obtained in the 
preparation examples are set forth h Table 2. 
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g ynthi^cic Ai rac^ifT^1hvlsiMene>btsn-( 2-emvM-phenvliniienvlU2ifconiirm dicMofide 
5 Synthesis ol 3^(2-biphcnylyl>-2-ethylpropionic actt 

To a SOO^nl foui-necked round flask (equipped wtth a stirrer, a Dimroth condenser, a dropping tunnel and a Uier- 
momeler) were introduced 13.46 g (120 mmol) d potassium t-butoxrie. 100 ml of toluene and 20 ml ot N^ethylpyr- 
rdkjoneandthenjnanftrogenaunosphere.a6oluiionot207g(il0mmol)old«^^^^ 

was droi)wise added with heating to 60 'C. Alter the dropwise addhicn vifas completed, the mixture was reacted lor 1 
hour at ihe same lemperalure. and then, at the same temperalore. a solution o! 20.27 g (lOO mmol) ol 2-phenytoen^ 
bromide in 30 ml of toluene was dropwise added. Atter the dropwise adcfiikjn was complaied. Ihe mixture was heated 
and refluxed lor 2 hours. The reaction mixture was poured into 200 ml ol water, and 2N-HCI was added to adjust pH 
ol the mixture to l The organic phase was separated, and the aqueous phase was extracted three times with 100 ml . 
15 ol toluene The combined organic phases were washed with a saturated saline solution until the organic phases became 
neutral, tolbwed by drying over anhydrous Na2S04. The solvent was removed under reduced pressure to obtain 36.7 
gol an yellow orange Squid ccncenlrate. . , .w 

To a 1 -titer lour-necked round flask (eqwpped with a stirrer, a Dimroth condenser, a dropping lunnel and a ther- 
mometer) were introducid 67.3 ti.02 mol)ol potassium hydroxide and 160 ml ol a methanol aqueous solution (meth- 
20 anoVwater - 4/1 {yN)). and then, in a nitrogen atmosphere at room temperature, a solulwn ol Ihe concenlrale obtaned 
above in 50 ml of a methanol aqueous solution (methanolA^ter = 4/1 (v/V)) was dropwise added. After the dropwee 
addition was completed, the mixture was heated and ref luxed lor 4 hours, and then cooled to room temperature, and 
Ihe solid prccipitBled was filtered. The solid was dissolved in v«ter. and sulfuric acid was added to the solution untB It 
became acidic (pH = l ). The solution was extracted live times with 100 ml ol methylene chtoride. The combined organic 
2S phases were dried over anhydrous Na2S04. and then, the solvent vras removed under reduced pressure to obtain 24.2 
Q of a white solid product. 

Subsequently, to a 300-ml Ihree^ecked round flask (equipped with a stirrer lip. a Dimroth condenser and a ther- 
mometer) were introduced 24.2 g ol the white solid oblaned above. 56 ml of acetic acid. 37 ml of water and 13.1 ml 
of ccnceniiated suMuric acid, and they were refluxed lor 6 hours in a nitrogen atmosphere. Alter the reaction was 
JO completed the acetic acid was distilled on under reduced pressure. 50 ml of viater was added, and the mixture was 
extracted three tines with 50 mi ol methylene chloride. The combined organic phases were washed with 50 ml ol a 
saturated saline solution and dried over anhydrous Ua^fiO^. Then, the solvent was distilled ofl under reduced pressure, 
and the residue was purified by silica gel chromatography using a gradient of hexane/eihyl acetate (2/1 1/1. by 
volume) to obtain 13.7 g of a white solid (yiekJ: 54 %). The properties ol the product thus obtained are described below 

3S 

FD-MS: 254 (M*) 
mp.: 91.2- 94.0 'C 
NMR (CDCI3. 90 Hz): 

&=0.71(t.J=7.2H2. 3H. CH3); 

40 

1.16- 1.58 (m. 2H); 

2.32(bquin.J = 7J5.H2^311.>W-k^ 

2.61- 2.99 (m.2H); ' 

6.89 - 7.47 (m. 9H), 

45 

IR (KBr disk) : 1696 cm-^ (v^^J. 
Synthesis of 3-(2-biphenylyl)-2-elhylpropionyl chtoride: 

50 To a lOO-ml three-necked round flask (equipped with a stirrer tip. a Dimroth condenser, a thermometer and a trap 

of NaOH) were introduced- 13.3 g (52.4 mmol) of 3^(2-biphenylyl}.2.elhylpropionic acid and 25.9 ml (355 mmol) ol 
thionyl chloride, end they were refluxed (or 2.5 hours with heating in a nitrogen atmosphere. After the reaction was 
completed, the unreacted thionyl chlorkJe was distilled oil under reduced pressure to obtain 15.2 g ol a crude product 
as a yeOow orange Iquid. This acid chloride was used for Ihe next reaction without further purification. The properties 

55 of the product thus obtained are descrtoed below. 
IR (Neat): 1786 cm ' (v«). 
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Synthesis d 4-«thy^2-phcnyl-1•rldanone: 

To a 20CMnl Ihi ee^iecked round flask (equipped with a slirrer lip. a Dirwolh condenser, a dropping funnel a iher- 
mofnewr arida trap ol NaOH) were introduced B.04 9 {60.3rnm^^ 

disuBide and then, h a nitrogen atmosphere under ice tooting, a solution ol 15.2 g (52.4 mmo!) d 3^2^t^^W 
2-€lhylprVioriy»chtoridecttainedabovein2lrnldcaito After the dropweeaddilcn 

was coTTtpleied. the htemal temperaluiB was elevaied to room temperature to perlorm reaction tor 1 houc Then, the 
reaction sduiion was poured into 200 ml of ice water to decompose the unrcacted aluminum chloride and extracted 
twice with too ml of ether. The corT4)ined organic phases were washed with 100 ml ol a saturated NaHCQ, aqueous 
solution and then with 100 ml o( a saturated saline solution. loUowed by drying over anhydrous Na^SO^. The sohrem 
was distiOed off under redxed pressure, and the residue was purified by silica gel chromatography usng hexane/et»vl 
acetate (lOH. by volume) to obtain 10.8 g ot the aimed product as a yeDow solid (yield 88 %). The properties of the 
product thus obtained are descrised below. 

NMR(CDCl3.90Hz): 

6 = 0.96(t.Jr7.2HZ.3H.CHa): 

1.60 - 2.20 (m.2M); 
2.42- 2,82 (m,iH.>CH-); 
2.80 (dd. J = 3.8 Hz. 16.5 H2. 1H); 
3.36 (dd. J = 7.6 Hz. 16.5 H2. 1H); 
7.09-7.91 (m. 8H). 

IR (Neat) : 1705 oir^ (v^. 

Synthesis of 2-ethyH-hydro)ty-4-phenyIindan: 

To a 200-ml three^ecked round flask (equipped with a sliaer tip. a Dimrcth condenser, a dropping tunnel and a 
thermometer) were iniroduced0.85g (22.6 mmol) of sodium boron hydride and 28 ml ol eihand. and then v^ a nUrogen 

V atmosphere al room temperature, a solution of 10.6 g (45.1 mmol) ol 2-ethyl^-phenyHHndanonB in 20 ml ol ethanol 
was dropwise added Alter the dropwise addition was compleled. the temperature was elevaied to 50 'C to perlomi 
reaction tor further 3.5 hours. Alter the reaction, the mbrture was cooled, and acetone was dropwise added to docom- 
pose the unreacied sodium boron hydrkte. Then, the reaclton mixture was concentrated under reduced pressure and 
extracted with 50 ml ol water and 50 ml ol ether. The agamc phase was separated, and the aqueous phase was 

IS extracted twice with 50 ml ol ether. The combried organic phases were washed with 100 ml d a saturated salme 
solution and dried over anhydrous NajSO,. Then, the solvent was distilled o« under reduced pressure to obtaxi 10.67 
g ol the aimed product (a mixture oJ two isomers) as a viscous, light yeltow tiquk] (yiekt 99 %). The properties d the 
product thus Obtained ere described betow. 

iO NMR(CDC1>90HZ): 

8= 1.02 (I. J = 7.1 H2.3H. CHj); 

1.31- 3.26 (m.2H); 

-4786; 5.03 (MchlJ:eaat"J =*6:4 HzrJ s 5:VH2rioge!her 1H/>CHO-): 

45 7.10 -7.66 (m.BH). 

IR (Neat) : 3340 cm-^ (vqm) 

Synthesis ol 2-ethyM-phenylindene: 

To a 300-ml lour-necked round Oask (equipped with a stirrer tip, a dropping lunnel and a thermometer) were nlro- 
duced 9.78 g (41 .3 mrrwl) of S-elhyl-l .hydroxy-4.phenylindan. 17.2 ml (1 23 8 mmol) ol Iriethylamine. 0.25 g (2.1 mmol) 
of 4-dimelhylaminopyridinc and 98 ml ol melhyleno chloikte. and then in a niiiogen atmosphore under ice cooling, a 
solution ot 6.4 ml (82.5 mmol) ol melhwiesullonyl chtafide in 6.5 ml ot methylene chlorido was dropwise added slowly. 
55 After the dropwise addition was eonvteted. the reaction was pertonned lor lurther 3.5 hours at the same temperature. 
The reactkxt miHure was poured nto 250 ml of ice water, the organic phase was separated, and the aqueous phase 
was extracied twee with 50 ml ol methylene chloride. The combined organc phases were washed with a saturated 
NaHCOa aqueous solution and then with a saturated saline solution, lolbwed by drying over anhydrous NagSO^. The 
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sotvent was distilled oft under reduced pressure, and the residue was purified by silica gel chromatography using 
hexane to obtain 6.56 g of the aimed product (a mixture of isomers) as a light yellow liquid (yield: 73 %). The propenies 
cA the product thus obtained are descrbed below. 

5 NMR(CDCl3.90MHz): 

*=1.20(t.J = 7.6H2,3H.CH3); 

2.49 (q. J = 7.6 Hz. 2H): 
3.41 (s. 2HI 
to 6.61 , 6.72 (each bs. together 1 H); 

7.09-8.01 (m.8H). 

Synthesis of dimethytsilylene-bis(2-etKyl-4*phenytindene: 

15 To a 20O-ml three-necked round flask (equipped with a stirrer tip. a Dimrolh condenser, a dropping funnel and a 
thermometer) were introduced 5.0 g (22.6 mrrx))) of 2-ethyM-phenylindene. 80 mg (0.63 rrvnol) ol copper thiocyariale 
aruf 50 ml of anhydrous ether, and then in a nitrogen atmosphere under ice cooling, a solution ot 15.7 ml (25.1 mmol) 
ol n-butyllithium h hexane (concentration: 1.6 M) was dropwtse added slowty. After the dropwise addition was com- 
pleted, the temperature of the mixture was elevated to room temperature to pertorm reaction for tunher l hour. Ttien. 

^ a solution ol 1.52 mt (12.6 mmoQ of dimethyldichlorosilane h 4.5 ml of anhydrous ether was drcpMse added slowly 
After the dropwise addition was completed, the reaction was performed for further 12 hours at room temperature. The 
reaction mixture was filtered through CeKle, arid the filtrate was poured into 50 ml of a saturated ammonium chloride 
aqueous solution. The organic phase was separated, and the aqueous phase was extracted with 50 ml of ether. The 
combined organic phases were washed with a saturated saline solution and dried ever anhydrous N£^04. The solvent 

^ was distilled off uruter reduced prossuro. and the residue was separated by silica gel chromatography using a gradient 
of hexane to hexane/methylene chloride (20/1. by volume) to obtain 4.5 g of the aimed product (a mixture of two 
isomers) as a fight yellow solid (yieU: 80 %). The properties of the product thus obtained are described below. 

NMR (CDCI3, ^ ^) • 
30 s ^.23. ^.1 7 (each s. together 6H, Si-CHg); 

1.12. 1.19 (each t. each J = 7.4 Hz. together 6H. CHg); 
2.44 (bq. J = 7 4 Hz. 4H): 
3.81 (s. 2H. >CH'Si-); 
3S 6.75 (bs. 2H. 3-H-lnd); 

6.68 - 7.74 (m. 16H). 

Synthesis of rac-dimethylsitylene4)is|1-(2-ethyt-4-phenylridenyl))zirconium dichbride: 

40 To a 50-ml three-necked round flask (equipped with a stirrer tip. a bead condenser, a dropping funnel and a ther- 
mometer) were introduced 0.64 g (1.69mmoO of dimethylsilylene-bis(2-ethyM-phenylindene) and 17 ml of anhydrous 
ether, and then at room temperature, a sokition of 2.25 ml (3.56 mmol) ol n-butyllithium in hexane (concentration: 1 .58 
_ M) was dropwise added sbwty. After the dropwise addition was completed, the reaction was performed lor further 1 3.5 
hours, the reaction solution was cooled to -70 'C InTdV^s^^^tciie bat^ 

4S added in portions, arKlihe resuttingmbnurewasstirredovemight. Then, the solvent was distilled oft at room temperature 
under reduced pressure. 30 ml ol methylene chlorkJe was added, and the insoluble matters were filtered ofl. The fiftrate 
was concentrated at room temperature to precipitate a soM which was filtered, washed ivvice with 3 ml of anhydrous 
ethei and dried under reduced pressure to obtain 0.17 g ol the aimed product as an orange yellow solk^ (yieW: 15 %). 
The properties of the product thus obtained are desaibed bekyw. 

so 

NMR (CDCIs. 90 MHz): 
r 1.09 (t. J =: 7.3 Hz, 6H. CH3): 

1.34 (6. 6H, Si-CHg): 
ss 2.46 (quin. J = 7.3 Hz. 2H); 

2.73(quin. J = 7.3 Hz. 2H): 
6.96 <s. 2H. S-H-Ind); 
6.99 - 7.86 (m. 16H). 
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Pteparaiion Example 1 
PfgpafalionofPBR-l 

5 lo a 2-rrter autocbve thoroughly purged wih nHrogen were inuoduced 900 ml ol hexane and GO g cf l-buiene. 
loliowed by adding i mmol ol iriisobotylaluminum. Arter the temperature d the sysiem was elevated to70»C. propylene 
was ted so that the total pressure became 7 Kg/cm^-G. ar«J 0.30 mmol ol methytaKffnirwxane and 0.001 mmol (in teims 
ol Zr atom) ol jacKJimelhytsitylene-bisO •(24nelhyM-phenytirKJenyO)2irconium dichtof ide prepared in a manner similar 
to the above synthesis example were lurther added. The polymerization was perlormed lor » minutes \whUe propylene 

10 was continuously led to keep the toial pressure at 7 kgton^-G. Atier the polymerization, the autocbve was reteasod. 
and a polymei was recovered In a targe amount of methanol and dried in vacuum at 110 'C lor 12 hours. 

The amount of the polymer (propylene-Vbuiene random copolymer) obtained was 39.7 g. and the polymerization 
activity was 79 Kgi)orymer/fi¥nol.2i4ir. This polymer had a Vbutene content of 26.4 % by mol. an intrinsic viscosly 
(n) ol 1.60 dl/g and a melting poini ol 88.4 -C. The proportion of the hetero bonds based on the Zl-msemons was 

w about 0.02 %. Other properties ol the polymer are set lorth ifi Table Z 

Pieparation Example 2 • 
Preparation otPBR'2 

To a 2-lilcr autoclave thoroughly purged with nitrogen were introduced 900 ml ol hexane and 60 g d 1-bulene. 

Idtowed by adding l mmol of triisobutylaluminum. Ahei the temperature d the sysiem was elevated to 70'C. propylene 

was led so that the total pressure became 7 kg^cm^-C. and 0.30 mmd d methytaluminoxane and 0.001 mmd (in terms 

d 2f atom)d iBC<J»ncthybilylene-bisn-(2-melhyM-phenylindenyO)2irconium dichtoiide prepared in a manner similar 
2S to the above synthesis example were lurther added. The polymerization was perlormed lor 30 minutes whilo propylene 

was continuously led to keep the total pressure at 7 kgton^-G. Alter the polymerization, the autoclave was released. 

and a pdymer vras recovered in a large amount d meihand and dried in vacuum at llO 'C lor 12 hours. 

The amoinl d the polymer (prcpylene-l-butene random copolymer) obtained was 45.2 g. and the polymerization 

activity was 90 kg-pdymer/mmd-Zr-hr. This pdymer had a 1-buiene content d 20.2 % by md. an intimac viscosHy 
30 (n) d 1.90 dl/g and a melting pdni d 101.5 The proportion d the hetero Iwnds based on the 2.1-insertions was 

about 0.02%. 



Preparation Examples 
« Piaparalion d PBR>3 

16 a 2-litef autocbve thoroughly purged with nitrogen were introduced 950 ml d hexane and 30 g d Vbutene. 

Idlowed by adding l mmdd triisobutybluminum. Alter the temperature d the sysiem was elevated to70X. propylene 

was fed so that the total pressure became 7 kgton^-G. and 0.30 mmol d melhybluminoxane and 0.001 mmd (in terms 
40 d 2r atan)d (acKjBnethylsilylene4)i8{l-(2-methyM-phenylindenyO|zirconium dichtoride prepared in a manner simitar 

to the above synthesis example were lurther added. The polymerization was pertormed lor 30 minutes while propytene 

was continuously led to keep the total pressure at 7 kgto»i?-G. Alter the polymerization, the autoclave was released. 

and a polymer was recovered in a large amount d methand and dried in vacuum at 110 'C lor 12 houis. 
_ The amomt d me polymer Jpropylene-l^uiene random copolymer) obtained «os 52.1 g. and the polymerization 
45 acthrtty was 104 "kg.po^mei/nwid-Zr.hr. The pdymer had a i ^butene content d-13.9 % by mol. an intrinsic. veogstty 

(n) d 2.51 dvg and a meling point d ii6.3 -C. The proportion d the hetero bonds based on the Zvinsertions was 

at)oul0.02%. 



ComparativB Preparation Example 1 

50 

Prfiparation d PBfr4 

To a 2-liler autocbve thoroughly purged with nhrogcn were introduced 830 ml d hexano and 100 g d Vbutene. 
fdtowed by addinglminoldtriisobuiybluminum.Aher the temperaturedthe system was etevated to 
ss was led so that the total pressure became 7 kg/cm2-6. and 1 mmd d iriethybluminum and 0.005 mmd (in lenns d 
Ti atom) d a titanium catalyst supported on magnesium chloride was added. The polymerization was perlorrned lor 
30 rrinuies while propylene was continuously led lo keep the total pressure ai 7 kg/cm?-G. After the pdymerizalion. 
the autoclave was released, and a pdymer was recovered in a brge amount d methand and dried in vacuum at 110 
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(4) Btocking resistance 

Evatuaied in accordance with ASTM D1893. A film sample tot measuring the heai-seaing strength (1 ) was cut lo 
give a specimen having a width ol 10 cm and a length of 15 cm. Two oT the specimens were superposed vi sucha 
5 manner that the polypropylene composH ion sides laced each other, and they were interposed between two gbss plates. 
The specimens with the glass plates were allowed to stand in an air oven at 50 •C with applyng a load d 10 kg. Alter 
one day. the specimens were taken out. and the peel strength was measured by a universal testing machme. The peel 
strength per 1 cm was taken as a value of the blockng resistance. 

w Combaiative Examples 1 • 2 

A laminated film was obtained in »ie same manner as in Example 1 except thai the polypropylene corrnositicn 
shoMi in Table 3 was used. The results are set lorth in Table a 



15 



20 



Table 3 





Composition 
(weight ratb) 


Lowest eflective 
heal'sealable 
temp. CO 


Ha2e(%) 


SJp properties * 


Bkxkng resistance 


Ex.l 


PBR-l/PP-2 
(7»25) 


110 


0.6 


0.28A).28 


0.1 


Ex.2 


PBR-2ff^-2 
(75/25) 


100 


0.6 


0.32A).3l 


0.2 


Ex.3 


PBR-a/PP-2 
(75/25) 


88 


1.4 


0.99/0.51 


0.9 


Ccmp. Ex. 1 


PBR-^P-2 
C75«S) 


100 


1.7 


3.23/1.02 


26 


Ex.4 


PBR-l/PP-2 
(50/50) 


118 


0.6 


0.29A).29 


0.1 


Ex.5 


PBR-2/PP-2 
(50/50) 


108 


0.5 


0.34A).30 


0.2 


Ex.6 


PBR-3/PP.2 
(5060) 


95 


0.8 


0.27/0.27 


0.4 


Comp. Ex. 2 


PBR-4/PP-2 
(50^) 


105 


2.5 


0.37/0.32 


0.8 



The propenies d the propylene composite films obtained in the loltowing examples were measured in the manner 
described betow. 



"45 



50 



55 



(1) Ha2e 

Measured in accordarKre with ASTM D1003. 

(2) Change of haze with lime 

ThecompositefilmwaskeplalB0*Clor3day5andaIiowedtostandlorcooling.Thenjheha2ew^ 
in the same manner as in the measurement (i). 

(3) Gbssiness 

Measured in accordance with ASTM D523. 

(4) Tear strength (Elmendorf tear strength) 
Measured in accordance with ASm D1922. 

(5) Slip properties 

Measured in accordance with /VSTM 01894. 

(6) Change of sfip properties with time 

The GomposHe film was Kepi at 40 'C lor one week and atowed to stand kx cooling. Then, the sip properties 
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100 Pans by weight ol a miawe consisting ol 25 by ^ight ol pellets of a random polypropylene havnq an 
isotactic index (1.1.) ol 96 %. a meh index (230 -C) of 6.S and a melting point ol 140 'C and 75 % by weight of pellets 
of the propylene.l-butene fandom copolymer (B) (PBR)pfcpafedabove was mixed with 0.1 part by weight of anami- 
blockvig agent and 0.16 part by weight of a sljp agent The resulting mixiure. i.e.. the polypropylene composition fli) 
was melted in an extruder and then extruded on the substrate at 200 to form a lamviated sheet 

The laminated sheet was stretched at 170 -C i> a suetch ratio ol 10 times in the lateral direction and then cooled 
with substantially mainlaining the stretched state. 

Thus. 8 bBxially stretched composite film consisting of a layer of the homopotypropylene (I) (substrate) having a 
thickness ol 22 and a layer of the polypropylene composition (II) (heal-sealing layer) havng a thickness of 3 um 
was obtained. The resuns are set forth n Table 4. ' «i«jMm 

Comparative Example 3 

A composite film was obtained in the same manner as in Example 7 except lhal in the preparation of a polypropylene 
composition, the propylerte-l -butene random copolymer obtained h Conparative Preparation Example B was used h 
place of the propylene^ -butene random copolymer (B) obtained in Preparation ExanY>ie 5. The results are set forth 
in Table 4. 

Examples 10-12 

A homopolypropylene (I) having an isotactic index (11) of 96 % and a melt rxJex of 6.5 was melted and led to a 
composite rilm-lomrting die at a resin lemperalure of 240 •C. 

Sepaoiely. in a difle.eni extruder. 100 paftt by weight el a mixture ecnsisting ,A«%by .eight of peDeis o) a 
rar<dompolypiopyler.e havinga met index (230 •C)ol6.SaiKl a melting point ol 140 -Cand 75 % by »»eighi d pellets 
rtlta propyleiie-lbutene random eopolymet (B) (PBfi) preper^ 

bloekmga9onlandai6partl)ywl9hlol««lip8gew. and lheyv«re,neltedhthe extruder. Ttieresolllngp^ 
eornpo8»ion (II) wat led to the aboiw-mentiened compostle eim^orming die at a resin temperature ol 200 'C 

T»» homopolypropylene 0)8ndthepolypcopylefiecoiTposition(ll)weresimuliOT^ 
po«te Rhvlorrreng de. to obtain a composite film consisting ol a layer ol the homopolypropylene (I) (substrate) having 
athtkness ol 45 pm and a layer d the polypropylene composHion (II) (heal-sealing layer) havhg a iMekness ol S um 
The results are set torth in Table 4. ° 

Comparative Example 4 

A composite film was obtained n the same manner as in Example 10 except that the propylene-i -butene random 
copolymer obia>nod in Compaaliva Preparation Example 6 was used h plaee ol the propylene-i -butene random co- 
polymer (B) oblaned in Pnparation Example 5. The rasults are set lonh in 1^ 4. 
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Tahlp ^-I 



5 




Ex. 7 


Coim - Ex 5 


Ex . 6 


OA • 7 




(B) FBR 


(Prep. Ex. 5) 


rOK^'O 
(Conp.Pr«p.Cx.8) 


PBR-o 
(Prep. Ex. 6) 


PBR- 7 
(Prep. Ex. 7) 


W 


(1) Propylene content 
(molt) 

I'Butene content 
<noll) 


76 
24 


77 

23 


81 


85 
15 


IS 


(2) Intrinsic 
viscosity (1)) 


1 .63 


1.91 


1.65 


1.67 




<3) Hw/Mn 


2.05 


3.40 


2.10 


2^18 


20 


M) B 


value 


1.00 


0.92 


1.02 


1.03 




(5) Tm (•€) 


92 


110 


103 


110 




(6) Crystallinity (1) 


40 


48 


49 


53 


»s 


sltion 


(A) Polypro* 
pylene <wt%) 

(B) PBR (wtl} 


75 


75 


75 


25 
75 




niiek- 


(I) Substrate 
(MA) 








22 


35 




(II)Heat- 
sealing 
layer Ciun) 


3 


3 


3 


3 




<!) Haze (%) 


1.4 


1.7 


0.6 


0.6 




(2) Change of hate 
with time (%> 


1-1 


2.9 


1.0 


1.0 


40 


(3) Glossiness (%) 


115 


112 


128 


126 




(4) Slip properties 
/ stati c _ f r i ct ion_ 


1.0 


3.2 


. _ . 0.3 


0.3 


45 


/kinetic friction 


0.5 


1.0 

• 


0.3 


0.3 




(5) Slip properties 
with tine 
/static friction 


0.6 


1.6 


0.3 


0.3 


50 


/kinetic friction 


0.4 


0.7 


0.3 


0.3 
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TflhlP 4>Tfrnnrinuedl 



(B) PBR 

Blockin? reaiatance 
(9/CIB) 



il) Blocking resistance 
with tiM <9/cn) 

(8) Heat-sealing 
strength 
(g/15 nm) 

85*C 
90*C 
95*C 
100*C 
105*C 

120*C 

19) Hot tack 

properties (mm) 

120*C 
125**C 
130^C 

140'C 



Ex. 1 

PBR-5 
(Prep.EK.S) 

1.9 
3.0 



40 
480 
630 
550 
730 
520 
520 



300 
32 
15 
8 
7 
6 
7 
6 
7 
7 



Comp.£x.3 
PBR-B 

(Cai^.PK«p .Di . 0) 



2.6 



7.0 



20 
50 
130 
480 
570 
570 
520 



300 
230 
120 
63 
27 
13 
18 
16 
15 

le 



Ex. 8 

PBR*6 
(Prep. fix. 6) 

0.2 
0.0 



90 
300 
540 
440 
440 
470 



300 
120 
25 
10 
8 
6 
6 
7 



50 



55 
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5 




Ex. 10 


Comp.Ex.4 


Ex. 11 


Ex. 12 




(B) PBR 


PBR-5 
(Prep.Cx.S) 


PBR-8 

(Conp . Pr ep . Cx • fi 1 


PBR- 6 
(Prep. Ex. 6) 


PBR-7 
(Prep. Ex. 7) 


10 


(1) Propylene content 
(mol%) 

1-Butene content 
(moll) 


76 
24 


77 
23 


81 
19 


85 
15 


15 


(2) Intrinsic 
viscosity (t)) 
ld//9) 


X • e J 




1.65 


1 .67 




(3) Mw/Mn 




3.40 


2.10 


2.18 


20 


(4) B 


value 


1.00 


0.92 


1.02 


1.03 




(5) T» C*C) 


92 




1 n^ 


1 1 n 




(6) Crystallinity (%) 




48 


49 


53 


2S 




(A) Polypro- 
pylene (wt%) 


25 


25 


25 


25 




aition 


(B) PBR (wt%) 


/ 3 


75 


75 


75 


30 




(2) Substrate 
(lin) 


45 


45 


45 


45 


3S 


nmi9 


lIDHeat- 
sealing 
layer Cpm) 


5 . 


5 


5 


5 




il) Hi 


Bse (%) 


1 .0 


^ • 1 








(2) Change of haze 
with time (%l 


2.0 


10.2 


4.0 


2.1 


40 


(3) Gloaainesa (%) 


118 


114 


98 


114 




<4) Slip properties 
"/static ffrctiofT 


^2— - 


net -slipped 


.0.2 


0.2 








45 


/kinetic friction 

(S) Slip properties 
with tine 
/static friction 


0.2 


not slipped 


0.2 


0.1 


50 


/kinetic friction 
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Comoafalive Example S 

A composite fiim was obtained in the same manner as in Example 13 except thai n the preparation of a polypro- 
pylene composition, the propylene-l-bu1ene random copolymer obtained in Comparative Preparation Example 6 was 
5 used in place cH the propylene-l-butene random copolymer (B) obtained in Preparation Example 5.^ The results are 
set forth in Table 5. 

Examples 15-17 

10 A homopolypropyiene (I) having an isotactic index (f.l) of 96 % and a melt index of 6.5 was melted and led to a 
composite film-forming die at a resin temperature of 240 *C. 

Separately, in a different extruder. 100 parts by weight of a mixture consisting of 75 % by weight of pellets of a 
random polypiopylene having a med index (230 *C) of 6.5 and a metling point of 1 40 *C and 25 % by weight of pellets 
of the propylene-l-butene random copolymer (B) (PBR) prepared above was mixed with 0.1 part by weight ol an anli- 
blocking ageni and 0. 16 pan by weight of a slip agent, and they were melted in Ihe extruder. The resulting polypropylene 
composition (II) was fed to the alx>ve-mentioned composite film-forming die at a resin temperature of 200 *C. 

The homopolypropyiene (I) and the polypropylene composition (11) were simultaneously extruded through the com- 
posite film-forming die. to obtain a composite Film consisting of a layer of the homopolypropyiene (I) (substrate) having 
a thickness of 45 pm and a layer of the polypropylene composition (II) (heat-sealing layer) having a thickness of 5 pm. 
• ^ The results are set forth in Table 5. 

Comparative Example 6 

A composite film was obtained in the same manner as in Exemple 15 except that the propylene-1-butene random 
^ copolymer obtained in Comparative Preparation Example 8 was used in place of the propylene-1 -butene random co- 
polymer (B) obtahed in Preparation Example 5. The results are eel forth in Table 5. 
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TflhlP 5-1 



5 




Ex. 13 


Conp.Cx.5 


Ex. 14 




iB) PBR 


PBR-5 
(Prep. Ex. 5) 


PBR-8 
Canv.Pz«p.b.S) 


PBR- 6 
IPrep.Ex.6) 


10 


(1) Propylene content 

(BtOllI 

1-Butene content 
(nol%) 


76 
24 


77 

23 


81 
19 


fS 


(2) Intrinsic 
viscosity 
(1)) (d^/?) 


1 • D J 


1.91 


1.65 




O) Hv/Nn • 


2.05 


3.40 


2.10 


20 


(4) B value 


1.00 


0.92 


1.02 




(5) tn CO 


92 




103 




(6) Crystftllinity <*) 


40 


48 


49 


2B 


sitior 


(A) Polypro- 
pylene <wt%) 

(B) PBR ivt\) 


75 


75 
25 


75 
25 


30 


rhick- 


(I) Substrate 

(MA) 


22 


22 


22 


35 




(Il)Hcat- 
sealing 
layer Cpm) 


3 


3 


3 




(1) H 


■re C%) 


1.7 


1.5 


1.9 


40 


(2) Change of haxe 
with tine (%) 


1.4 


1 .2 


i . 0 




(3) Glossineas (%) 


122 


123 


122 




ii) Slip properties 


0.3 


0.4 


0.3 




/kinetic friction 


0.3 




o;3 


80 


(5) Blocking tendency 
(g/an) 

(€) Blocking tendency 
%fith time (g/cm) 


0.1 

0.3 


0.3 
0.6 


0.1 

0.3 1 



S5 
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Table Sri (Coniinupril 





Ex. 13 


Comp.Ex.5 


Ex. 14 




PBR-5 


PBR- 8 


PBR-6 


(B) PBR 


(Prep.ex.5) 


ICeBp.Pr«p.Ex.S) 


IPrep.Ex.Cl 


(7) Heat -sealing 








strength 








(9/15 ran) 








lOO'C 


40 






105»C 


100 


50 




110*C 


400 


140 




IIS'C 


510 


350 


30 


120'C 


540 


460 


180 


• 125»C 


500 


460 


510 


130"C 


460 


460 


480 


135»C 




470 


460 


incc 




480 


480 








470 



ZB 



30 



55 



45 



50 



55 
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5 




Ejc. 15 


Comp.Ex.6 


Ex. 16 


Ex. 17 . 




(B) PBR 


PBR-5 
(Prep. Ex. 5) 


PBR-8 

(Caap.Prap.Cx.6) 


PBR-6 
(Prep. ex. 6) 


PBR-7 
(Prep. Ex. 7) 


10 


(1) Propylene content 

iDOlvl 

1-Butene content 
(moll) 


76 
24 


77 

23 


81 
19 


65 
15 


fS 


(2) Intrinsic 
viscosity 
(H) (d//9) 


X • 0 J 


1 91 


1.S5 


1.67 




(3) Mw/Mn 


2.05 


3.40 


2.10 


2.18 


20 


(4) B value 


1.00 


0.92 


1.02 


1.03 




(5) Tm CO 


92 


1 1 n 




110 




(6) Crystallinity (%) 


40 


46 


49 


53 






(A) Polypro- 
pylene (wt%) 


75 


75 


75 


75 




sitior 


{B) PBR (wt%) 




25 


25 


25 


X 


Ihick- 


(I) Substrate 
(M»> 


45 


45 


45 


45 


35 


D«89 


(12) Heat- 
sealing 
layer (Mm) 


5 


5 


5 


5 




(1) H 


Bze (%) 


2 .4 




2.0 


2.1 


40 


(2) Change of haze 
with tine (%) 


2.0 




7 0 


2.4 




(3) Glossiness (%) 


111 


115 


117 


115 


^45 


(4) Slip properties 
/static friction 


0.2 


0.3 


0.3 


0.2 


/kinetic friction 


0.2 


0'.2 






50 


(5) Slip properties 
with time 
/static friction 


0.2 


0.3 


0.2 


0.3 




/kinetic friction 


1.0 


1.5 


0.3 


0.3 
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TflhlA s-TT/r»,,,-^niirf11 



n 



IS 



to 



2S 




(B) PBR 



l«) Blocking reaistance 
Ig/em) 

O) Blocking resistance 
with tijne (g/cm} 

(B) Neat-sealing 
strength 
(g/15 mm) 

100»C 
HO»C 
120"C 
130»C 
140»C 
150'C 
160*C 



PBR-5 
(Prep. Ex. S) 

0.2 
1.0 



10 

160 
1900 
2130 
2090 
2400 



PBR-8 
(Ctanp.Prep.Ex. 

0.3 
1.5 



10 
80 
1360 
2380 
2370 
2520 
2360 



PBR- 6 
<Pzep.Ex.6) 

0.2 
0.3 



20 
100 
1130 
2130 
2090 
2400 



PBR-7 

0-3 
0.3 



20 
80 
900 
2100 
1900 
1890 
1960 
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Claims 

1- A polypropylene composition comprising: 

(A) pcVprowtene in an amount d 5 to 95 % by weight, and 

not more than 3: and ' 8"* P«""Mlion chromalogi^y (6PC) is 



4& 



SO 



ss 



•2.6M 4 130 < Tm .2.3M 4 155' and 



.1.5M4 75. 



43 



EP0716 121 A1 

4. A composiiian accordng to ctam 1. 2 or 3. wheieh the parametei B value of the propylene-1-buiene mtam 
copolymef (B) is in the range ol 1.0 to 1.3. 

5. A cornposiiion according to any one ot the preceding claims, wherein the propylene-1-bulene random copolymef 
(8) is obtainable using an otefin potymerization catalyst comprising: 

(a) a ifsnsition metal compound represented by the lofiowing formula (1): 



\ / 

M 




wherein liA is a transition metal of Group IVa. >fe or Via of the periodic t^le. 

and may be the same or dflerent and are each a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon eloms. a sBicon-containirtg group, 
an oxygen-containing group, a sullui-containing group, a nHrogen-containing group or a pho6phoru$<ontain« 

ing group, 

R3 is a hydrocarbon group of 1 to 20 carbon atoms which may be substituted with a halogen atom or a silioon. 
containing group. 

is a hydrogen atom or an a&yl group ot 1 to 20 carbon atonts. 

and may be the same or ditterent and are each a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 atoms, a halogenated hydrocarbon group of llo 20 caibon atoms, an oxygencontainng group or 
a suBur^containing group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin- 
containing group. -O. -CO-. -S-. -SO. -SC3^-. NR^. -P(R5)- -P(0) (R*)-. -BR^- or -A1R5- (R* is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydiocaibon group of 
1 to 20 carbon atoms); 
(t>) 

(b-l) an organoahimmium oxy-compound. andtor 

(b-2) a compound capable of reacting with the transition metal compound (a) to lonn an ion pair; 
and. oplionaly, 

_ (c)anorganoaluminium compound. - - - - ~— 

6. A composition according to claim 5. wherein R^ is methyl. 

7. A composition according to claim 5. wherein R^ is a hydrocarbon group of 2 to 6 carbon atcyns. 

8. A polypropylene composite lilm comprising: 

(I) a crystalline pofypropylene layer, and 

(II) a layer formed from the polypropylene composition as claimed in any one of the preceding claims which 
layer is laminated on at least one surlace of the crystalline polypropylene layer (I). 



9. A film according lo claim 8. wherein the polypropylene composition layer (It) comprises: 
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